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Abstract

Oxidized lipids derived from omega-6 (n-6) and omega-3 (n-3) polyunsaturated fatty acids, 

collectively known as oxylipins, are bioactive signaling molecules that play diverse roles in human 

health and disease. Supplementation with n-3 docosahexaenoic acid (DHA) during pregnancy 

has been reported to decrease the risk of preterm birth in singleton pregnancies, which may be 

due to effects of DHA supplementation on oxylipins or their precursor n-6 and n-3 fatty acids. 

There is only limited understanding of the levels and trajectory of changes in plasma oxylipins 

during pregnancy, effects of DHA supplementation on oxylipins and unesterified fatty acids, and 

whether and how oxylipins and their unesterified precursor fatty acids influence preterm birth. In 

the present study we used liquid chromatography-tandem mass spectrometry to profile oxylipins 

and their precursor fatty acids in the unesterified pool using plasma samples collected from a 

subset of pregnant Australian women who participated in the ORIP (Omega-3 fats to Reduce 
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the Incidence of Prematurity) study. ORIP is a large randomized controlled trial testing whether 

daily supplementation with n-3 DHA can reduce the incidence of early preterm birth compared 

to control. Plasma was collected at study entry (≈pregnancy week 14) and again at ≈week 24, 

in a subgroup of 48 ORIP participants—12 cases with spontaneous preterm (<37 weeks) birth 

and 36 matched controls with spontaneous term (≥40 weeks) birth. In the combined preterm 

and term pregnancies, we observed that in the control group without DHA supplementation 

unesterified AA and AA-derived oxylipins 12-HETE, 15-HETE and TXB2 declined between 

weeks 14–24 of pregnancy. Compared to control, DHA supplementation increased unesterified 

DHA, EPA, and AA, DHA-derived 4-HDHA, 10-HDHA and 19,20-EpDPA, and AA-derived 

12-HETE at 24 weeks. In exploratory analysis independent of DHA supplementation, participants 

with concentrations above the median for 5-lipoxygenase derivatives of AA (5-HETE, Odds Ratio 

(OR) 8.2; p = 0.014) or DHA (4-HDHA, OR 8.0; p = 0.015) at 14 weeks, or unesterified AA (OR 

5.1; p = 0.038) at 24 weeks had higher risk of spontaneous preterm birth. The hypothesis that 5-

lipoxygenase-derived oxylipins and unesterified AA could serve as mechanism-based biomarkers 

predicting spontaneous preterm birth should be evaluated in larger, adequately powered studies.
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1. Introduction

Oxidized lipids derived from polyunsaturated fatty acids (PUFAs), collectively known as 

oxylipins, comprise a large, heterogeneous family of labile, bioactive signaling molecules 

that play diverse roles in human health and disease [1]. Oxylipins derived from arachidonic 

acid (AA), docosahexaenoic acid (DHA) and linoleic acid (LA) are reported to play pivotal 

regulatory roles in physiological processes that are relevant for pregnancy—including 

immune activation [2,3], resolution of inflammation [4,5], endothelial cell activation [6], 

and coagulation [7]—and have been proposed to play a role in gestational age at birth 

[8]. Most notably, 2-series prostaglandins (e.g. PGE2 and PGF2α) are well-known to play 

pivotal roles in initiation and progression of labor by promoting cervical maturation and 

myometrial contraction [9,10].

The placenta in preterm birth is characterized by an inflammatory phenotype [11], including 

alterations in prostanoid synthesis and catabolism [12], and women who delivered preterm 

had higher AA in maternal red blood cells and trophoblast tissue than women who delivered 

at term [13]. Human blood, placenta and fetal tissues are enriched in n-3 and n-6 fatty acids, 

and selected oxylipins derived from AA, DHA, and LA have been measured in cord blood 

[8,14]. Moreover, gene variants in fatty acid desaturase (FADS) enzymes involved in AA 

and DHA synthesis are associated with gestation duration among women with spontaneous 

labor [15].

Thus, it is possible that in addition to prostanoids, other bioactive oxylipins derived from 

AA (e.g. leukotrienes) [3,16,17], n-3 fatty acids, and/or LA could impact parturition; 

however, this line of inquiry has not been fully investigated. DHA is well-known to be 
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concentrated in fetal tissues and the developing brain [18] and DHA supplementation in 

pregnancy has been investigated as a strategy for enhancing neurodevelopment [19,20] and 

decreasing the risk of preterm birth [21,22]. Several, but not all, studies reported that DHA 

supplementation decreased the risk of preterm birth and/or increased the risk of post-term 

births requiring obstetric intervention (induction or caesarean section) [19,21,23]. Such a 

shift in the curve of gestation length may be due to partial replacement of AA by DHA 

in placental oxylipin precursor pools [24–26], with subsequent reduction in PGE2 and 

uterine contractility. However, the effect of DHA supplementation on unesterified AA or 

PGE2 has not yet been demonstrated in pregnant women. DHA supplementation may also 

decrease inflammatory processes implicated in preterm birth by increasing the production of 

DHA-derived oxylipins with anti-inflammatory and pro-resolving properties in placenta or 

blood [27].

Most studies have focused on the role of AA, DHA and their metabolites during pregnancy. 

Little is known about LA or its metabolites (oxidized linoleic acid metabolites; OXLAMs), 

which have been mechanistically linked to several pathological conditions (reviewed in 

[28]). The combination of relatively high concentrations of OXLAMs in lipoproteins and 

strong expression of scavenger receptors in human placenta [29–31], provides a mechanism 

for delivery of OXLAMs to placenta [31,32], particularly during periods of inflammation 

and/or oxidative stress (reviewed in [33]) Feeding heated safflower oil (source of OXLAMs) 

to rats in early pregnancy had teratogenic effects [34]. However, the effects of OXLAM 

exposures on pregnancy are understudied in mammals [35].

Together, these observations indicate that exposures to oxylipins derived from DHA, AA, 

and LA in pregnancy could potentially play an important role in pregnancy. However, there 

is currently only limited understanding of whether and how oxylipins influence biochemical 

and clinical endpoints in pregnancy. Here we take an initial step toward filling these gaps 

by profiling oxylipins and their precursor fatty acids using plasma samples collected from 

a subset of pregnant Australian women enrolled in the ORIP (Omega-3 fats to Reduce 

the Incidence of Prematurity) study, a large randomized controlled trial testing whether 

daily supplementation with n-3 DHA can reduce the incidence of early preterm birth in 

Australian women. The ORIP team collected plasma from a subgroup of participants at 

study entry (<20 weeks of gestation, median 14 weeks) and again at pregnancy week 24, 

providing a unique opportunity to: (1) describe the levels and trajectory of changes in 

plasma unesterified oxylipins and precursor fatty acids in early pregnancy and near the 

threshold for viability of pregnancy; (2) determine the impact of DHA supplementation 

on oxylipins and precursor fatty acids; and (3) explore whether differences in oxylipins 

and precursor fatty acids at pregnancy weeks 14 and 24 hold promise as biomarkers for 

predicting risk of spontaneous preterm birth. This analysis is restricted to spontaneous births 

because obstetrical interventions (i.e. induced births, Caesarean sections) may occur for 

multiple reasons, some of which may be unrelated to endogenous biochemical mediators. 

Given the small size of the ORIP plasma subgroup, the latter exploration is anticipated 

to inform sample size calculations for larger, more adequately powered studies testing 

associations between these variables and spontaneous preterm birth.
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2. Materials and methods

2.1. ORIP study design

A protocol paper [22] and primary outcome [23] detailing the main ORIP study have been 

previously published. Briefly, ORIP is a large randomized controlled trial testing whether 

daily supplementation with long-chain omega-3 (n-3) fatty acids (docosahexaenoic acid 

(DHA) 800mg plus eicosapentaenoic acid (EPA) 100mg) provided from trial entry (<20 

weeks of gestation) until 34 weeks or delivery (whichever occurred first), can reduce 

the incidence of early preterm (<34 weeks) and preterm (<37 weeks) birth and other 

secondary maternal and fetal endpoints, compared to control. The baseline and demographic 

characteristics of the plasma subgroup (n = 48) analyzed here and the full ORIP cohort 

of randomized participants (n = 5,544) are shown in Table 1. Compared to the full ORIP 

cohort, the plasma subgroup tended to be slightly older, less racially diverse, more likely 

to drink alcohol, less likely to be primiparous, and more likely to have a previous preterm 

delivery. The ORIP study [23] showed that DHA supplementation did not decrease risk 

of early preterm birth (primary endpoint) or preterm birth (key secondary endpoint) in the 

total population. However, there was a significant reduction in the risk of preterm birth in 

singleton pregnancies (a prespecified subgroup analysis).

2.2. Sample collection, processing and selection

The protocol was approved by the Institutional Review Board of the Women’s and 

Children’s Health Network and written informed consent was obtained for all blood 

collection procedures. Following an overnight fast, venipuncture of the median cubital vein 

in the antecubital fossa was performed with an 18-gauge butterfly needle, with venous whole 

blood collected into 5 mL ‘purple top’ potassium-EDTA tubes. Whole blood was stored 

for up to 120 min at room temperature, followed by centrifugation. Plasma was carefully 

pipetted into each aliquot with care taken not to disturb the buffy coat. Samples were stored 

at −80 °C in Adelaide and shipped with ample dry ice and tracking information for analysis 

in the National Institutes of Health in Bethesda, Maryland, USA. Samples were analyzed 

in a de-identified, blinded manner, without knowledge of treatment group or case versus 

control status. Since each of these participants provided two samples (≈14 and 24 weeks), a 

total of 96 samples were analyzed.

2.3. Quantitation of oxylipins and precursor fatty acids in plasma

For liquid chromatography tandem mass spectrometry oxylipin assays, we applied the same 

methods and criteria as published in our recent detailed methods manuscript [1], adapted 

to target oxylipins that may be linked to pregnancy and parturition and with addition of 

unesterified fatty acids. In this method, human plasma samples were deproteinized with 

ice-cold methanol and extracted with solid-phase extraction. The separation was performed 

on a reverse phase ZorBAX RRHD Eclipse Plus C18 column using gradient programs 

consisting of 0.02% acetic acid and ammonium acetate buffer in water and acetonitrile 

mobile phases. Detection was achieved using the Qtrap 5500 system in electrospray negative 

ion mode with scheduled multiple reaction monitoring (sMRM).
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2.4. Experimental design and matching strategy

To explore the hypothesis that an imbalance between unesterified LA, AA, and DHA and 

their respective oxylipin derivatives could create a biochemical predisposition to preterm 

delivery we matched the 12 participants who provided plasma at both of these time points 

and went on to have spontaneous preterm (<37 weeks) birth with 36 controls who went 

on to have spontaneous term (40+0–40+6 weeks) birth. The two groups were matched on 

maternal age and parity. Treatment group was not considered in the matching process, as 

the trial was still blinded at the time of selection for the plasma subgroup. Exact matching 

was performed first on parity and then age was matched using the nearest neighbor approach 

with Mahalanobis distance allowing for 1.5 SD of distance [36], resulting in a matched age 

range within 3 years.

2.5. Data analysis

Compounds were only reported if values were above the limit of quantitation (LOQ) in at 

least half of the samples with LOQ defined as a signal-to-noise ratio of >5. All profiled 

analytes and LOQs are provided in Table S1. In the main analysis, we use only the oxylipin 

samples that are not below LOQ. In the sensitivity analyses reported in the supplementary 

appendix (Tables S2–S5), we impute the values below the LOQ by substituting one half 

of the LOQ value for each respective plasma oxylipin. For the precursor unesterified fatty 

acids, all values were above the LOQ.

The aim of the first analysis was to determine if there was a significant change in the plasma 

fatty acid concentrations between weeks 14 and 24 separately in the control group and DHA 

group through a Wilcoxon matched-pairs signed-ranks test. The aim of the second analysis 

was to determine the difference in plasma fatty acid concentrations between the DHA and 

control groups at week 24 through a nonparametric local-linear regression controlling for the 

plasma fatty acid concentration at week 14. Each regression had 200 bootstrap replications. 

The aim of the third analysis was to explore if the plasma unesterified fatty acid or oxylipin 

concentrations could be biomarkers for spontaneous preterm birth. To account for non-linear 

associations, this analysis was performed conservatively by analyzing the sample according 

to groups of below and above median concentrations at each time point. Odds ratios of 

the above median group versus the below median group were calculated for each plasma 

oxylipin or fatty acid at each time point using logistic regressions adjusted for age and 

parity. Analyses were performed using Stata 15. Statistical significance was assessed at the 

p < 0.05 level with no adjustment for multiple comparisons due to the exploratory nature of 

the study.

3. Results

We investigated the levels and trajectory of changes of plasma oxylipins and precursor 

(unesterified) fatty acids during pregnancy, by measuring concentrations of these variables 

at 14 weeks and 24 weeks (shortly before the gestational limit for viable pregnancy) in the 

participants (n = 21) from the control group without DHA supplementation. Within-group 

changes in precursor fatty acids and oxylipin concentrations in the control group are shown 

in Table 2. Without DHA supplementation, we observed that unesterified concentrations 

Ramsden et al. Page 5

Prostaglandins Leukot Essent Fatty Acids. Author manuscript; available in PMC 2022 August 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of three n-6 fatty acids (AA, docosatetraenoic acid, and gamma-linolenic acid) and one 

n-9 fatty acid (mead acid) significantly declined during pregnancy. However, there was no 

evidence of any changes in n-3 fatty acids. Concentrations of three AA-derived oxylipins

—12-HETE, 15-HETE and TXB2—also significantly declined between weeks 14–24 of 

pregnancy, however no changes were observed for DHA-derivatives or other oxylipins.

Concentrations of unesterified fatty acids and oxylipins in the DHA supplementation group 

in pregnancy weeks 14 and 24 are shown in Table 3. With DHA supplementation, within-

group analysis suggested that unesterified concentrations of three n-3 fatty acids (EPA, 

DPAn-3, and DHA) and one n-6 fatty acid (DPAn-6) increased, while LA (18:2n-6), 

GLA (18:3n-6) and SDA (18:4n-3) decreased. Unesterified AA did not change. Two 

DHA-derived oxylipins (4-HDHA and 19,20-EpDPA) increased and one AA-derivative 

(15-HETE) decreased. Importantly, these within-group changes in this DHA cohort reflect 

a combination of effects of DHA supplementation and normal trajectory of change, and as 

such should be interpreted cautiously.

In order to determine the effects of DHA supplementation on plasma oxylipins and 

precursor fatty acids, we compared levels of each variable at week 24 in the DHA group 

versus the control group in the combined term and preterm pregnancies, with each variable 

adjusted for baseline values. We observed that DHA supplementation significantly increased 

concentrations of unesterified n-3 DHA, DPA(n-3), EPA, as well as n-6 AA and DPAn-6, 

but did not alter linoleic acid, alpha-linolenic acid, or other fatty acids (Table 4). DHA 

supplementation also significantly increased three DHA-derived oxylipins (4-HDHA, 10-

HDHA and 19,20-EpDPA), and one AA-derived oxylipin (12-HETE).

To explore whether differences in precursor fatty acids at week 14 (initial visit) or 24 

(shortly before the gestational limit for viable pregnancy) hold promise as biomarkers 

for predicting risk of preterm birth, we compared the proportion of cases (spontaneous 

preterm births, n = 12) vs controls (spontaneous matched term births, n = 36), independent 

of DHA supplementation, that were above the median level at 14 and 24 weeks using 

logistic regression adjusting for age and parity. This analysis showed that participants 

with concentrations of unesterified AA above the median at 24 weeks had higher risk of 

spontaneous preterm birth (Odds ratio (OR) 5.1; p = 0.038) (Table 5 and Figure 1 and 2). 

None of the other fatty acids were predictive of spontaneous preterm birth at week 14 or 24.

None of the oxylipins were predictive of spontaneous preterm birth at pregnancy week 

24. However, at 14 weeks of gestation, participants with concentrations of 5-lipoxygenase 

derivatives of two different precursor fatty acids—5-HETE (OR 8.2; p = 0.014) from AA 

and 4-HDHA (OR 8.0; p = 0.015) from DHA—above the median had higher risk of 

spontaneous preterm birth. Participants with concentrations of 15-HETE and 19,20-EpDPA 

above the median, or 9-HODE below the median, also tended to have higher risk of 

spontaneous preterm birth (Table 5 and Figs. 1 and 2).
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4. Discussion

Preterm birth is a leading cause of infant death and long-term neurological disabilities in 

children [37,38]. A better understanding of the molecular mechanisms underlying early 

parturition and the identification of non-invasive mechanism-based biomarkers predicting 

preterm birth are urgently needed. Supplementation with n-3 DHA during pregnancy has 

been shown to decrease the risk of preterm birth in singleton pregnancies [19], which 

may be due, at least in part, to consequent increases in DHA-derived oxylipins with anti-

inflammatory and pro-resolving properties, reductions in AA-derived oxylipins that are 

implicated in immune activation (e.g. leukotrienes, HETEs), or cervical ripening and uterine 

contractility (e.g. prostanoids), or both. In the present study, DHA supplementation did 

produce the anticipated increases in unesterified DHA and several DHA-derived oxylipins 

in plasma. Unexpectedly, however, DHA supplementation did not decrease measured AA-

derived oxylipins but rather appeared to increase unesterified AA and one of its oxylipin 

derivatives (12-HETE). This increase in unesterified AA stands in contrast to the finding 

that DHA supplementation in the full ORIP cohort decreased total AA in whole blood 

[23]. Given the small sample size these unexpected findings could be a random error. 

Alternatively, they may reflect different effects of DHA supplementation on the abundance 

of AA and AA-derived oxylipins in unesterified versus total lipid pools. Since AA and 

oxylipins in the unesterified pool are bioactive and could potentially affect early parturition, 

the effect of supplemental DHA on the unesterified pool of AA and AA-derived oxylipins is 

a topic that is worthy of investigation in future, larger studies. Concentrations of prostanoids 

were below the limit of quantitation in all plasma samples, thus the effects of DHA 

supplementation on plasma prostaglandins could not be tested.

4.1. Unesterified fatty acids as potential biomarkers of spontaneous preterm birth

Unesterified PUFAs and their oxylipin derivatives are attractive candidate biomarkers for 

predicting risk of spontaneous preterm birth because they may reflect underlying biological 

mechanisms and are likely to be readily modifiable via diet or supplementation. In the 

present study, women with AA above the median at 24 weeks of gestation had a higher 

risk of spontaneous preterm birth than women with AA below the median. Since AA is the 

precursor to 2-series prostaglandins that promote initiation and progression of labor [9,39] 

and 5-lipoxygenase derivatives (e.g. leukotriene B4) that are also involved in parturition 

[3,16,17] in pregnancy, there are plausible biological mechanisms that could account for 

this finding. However, given the small size of the ORIP plasma subgroup, larger, more 

adequately powered studies are needed to test the hypothesis that unesterified AA could 

serve as a mechanism-based biomarker for spontaneous preterm birth.

4.2. Unesterified oxylipins as potential biomarkers of preterm birth

At 14 weeks of gestation, participants with concentrations of 5-lipoxygenase derivatives 

of AA (5-HETE) and DHA (4-HDHA) above the median had 8-fold higher odds of 

spontaneous preterm birth compared to participants with concentrations below the median. 

The 5-lipoxygenase metabolite of AA, leukotriene B4, has previously been shown to be 

elevated in amniotic fluid during normal parturition [17], and to be elevated in amniotic 

fluid of mothers with premature rupture of membranes in the presence of infection, labor, or 
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both [3]. In 2016, Maddipati et al. [40] reported that two 5-lipoxygenase derivatives of AA 

(5-HETE and leukotriene B4) were elevated in amniotic fluid in pregnant women who had 

intra-amniotic infection, and suggested that these 5-lipoxygenase derivatives could serve as 

potential biomarkers of microbial invasion of the amniotic cavity, a well-established cause 

of preterm birth [41]. The above authors did not measure unesterified AA or 5-lipoxygenase 

derivatives of DHA such as 4-HDHA that was reported in the present study. However, 

these collective findings in amniotic fluid, together with our findings of higher risk of 

preterm birth in mothers with higher concentration of 5-HETE and 4-HDHA at 14-weeks, 

and higher AA concentrations at 24-weeks of gestation, provide an intriguing clue that 

5-lipoxygenase derivatives of AA and/or DHA could potentially help identify mothers at risk 

for spontaneous preterm birth and/or chorioamniotic infection. These preliminary findings 

should be followed-up in adequately powered studies.

4.3. Oxidized linoleic acid metabolites (OXLAMs) in pregnancy

In the present study LA and unesterified LA-derived oxylipins did not change during 

pregnancy, were not altered by DHA supplementation, and did not appear to have any 

relationship with preterm birth. Given the small sample size of this study, these findings do 

not rule out an effect of OXLAMs or LA in spontaneous preterm birth. Nevertheless, the 

findings here suggest that follow-up studies emphasizing the relationships between plasma 

AA, DHA and their respective oxylipin derivatives and spontaneous preterm birth are likely 

to be more productive. Since the majority of OXLAMs in oxidized lipoproteins are esterified 

in phospholipids and cholesteryl-esters pools, future studies in this domain should consider 

quantifying total or esterified OXLAMs rather than the unesterified pool.

5. Limitations

This study had several important limitations. First, although participants were chosen 

from a randomized trial of DHA supplementation, treatment group was not considered 

in the selection procedure for this study. Treatment group comparisons may be subject to 

confounding and the small sample size precludes adequate controls for confounding. Results 

of comparisons between treatment groups should thus be interpreted with some caution. 

Additional limitations include the lack of dietary fatty acid data, incomplete understanding 

of bioavailability and metabolic fate of unesterified fatty acids and small sample sizes. 

Findings from this substudy are not necessarily generalizable to a more general population 

of pregnant women. A substantial number of samples had oxylipin values that were below 

the LOQ. Blood was kept in EDTA tubes at room temperature for up to 2-hours prior to 

centrifugation and therefore changes in 12-lipoxygenase (12-HETE, 14-HDHA) and platelet 

derived (TXB2) should be interpreted with some caution in this setting.

6. Summary and conclusion

Here we take an initial step toward understanding the role of oxylipins and their 

precursor unesterified fatty acids during pregnancy using plasma samples collected from 

a subset of pregnant Australian women enrolled in the ORIP trial. We showed that DHA 

supplementation produced marked alterations in unesterified fatty acids and several of their 

oxylipin derivatives and suggest that unesterified AA and/or 5-lipoxygenase derivatives of 
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AA and DHA hold promise as candidate biomarkers for predicting spontaneous preterm 

birth.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Concentrations of n-6 fatty acids and oxylipin derivatives in the ORIP plasma substudy (n = 

48).*corresponds to p < 0.05 Table 5.
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Fig. 2. 
Concentrations of n-3 fatty acids and oxylipin derivatives in the ORIP plasma substudy (n = 

48). *corresponds to p < 0.05 in Table 5.
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Table 2

Changes in unesterified precursor fatty acids and oxylipins between weeks 14 and 24 in pregnancy without 

DHA supplementation (n = 21)

Week 14 Week 24
p-value*

Median (IQR) Median (IQR)

Omega-6 fatty acids and oxylipins

LA** 7.6 (4.8, 11) 7.3 (4.1, 9.9) .24

9-HODE 4.2 (1.4, 11) 3.4 (1.3, 7.9) .42

13-HODE 11 (3.4, 23) 7.6 (5, 21) .54

9,10-DiHOME 2.4 (1.1, 5.1) 1.6 (1.1, 4.3) .56

13H-9,10E-LA .25 (.16, .48) .22 (.16, .36) .73

9H-12,13E-LA .16 (.067, .38) .16 (.12, .24) .93

9,12,13-TriHOME .12 (.088, .19) .14 (.098, .17) .95

GLA .086 (.044, .13) .049 (.036, .074) .030

DGLA .12 (.086, .15) .094 (.077, .11) .059

AA .18 (.14, .25) .14 (.12, .17) .011

5-HETE .17 (.14, .23) .16 (.12, .17) .08

12-HETE .13 (.1, .24) .088 (.08, .12) .039

15-HETE .29 (.26, .5) .21 (.17, .22) .001

TxB2 .11 (.066, .22) .053 (.039, .11) .048

DTA .045 (.034, .067) .035 (.028, .048) .033

DPA n-6 .042 (.033, .067) .044 (.036, .05) .45

Omega-3 fatty acids and oxylipins

ALA .44 (.23, .79) .26 (.18, .51) .08

SDA (18:4 n-3) .012 (.0061, .016) .0058 (.0045, .0093) .11

ETA (20:4 n-3) .014 (.011, .018) .012 (.0089, .014) .15

EPA .093 (.086, .1) .083 (.056, .099) .12

DPA n-3 .024 (.015, .038) .023 (.016, .032) .91

DHA .65 (.43, .75) .54 (.4, .78) .97

4-HDHA .066 (.042, .09) .05 (.03, .076) .57

10-HDHA .026 (.021, .035) .019 (.014, .038) .11

14-HDHA .12 (.085, .22) .078 (.059, .12) .06

17-HDHA .17 (.13, .23) .12 (.1, .19) .55

19,20-EpDPA .032 (.018, .047) .034 (.019, .063) .31

Other

Mead .016 (.011, .02) .011 (.0073, .013) .003

*
Based on the Wilcoxon matched-pairs signed-ranks test.

**
9,10-EpOME & 9,10,13-TriHOME had >50% values below LOQ. Concentrations: fatty acids (ug/mL); oxylipins (ng/mL).
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Table 3

Changes in unesterified precursor fatty acids and oxylipins between weeks 14 and 24 in pregnancy with DHA 

supplementation (n=27).

Week 14 Week 24
p-value*

Median (IQR) Median (IQR)

Omega-6 fatty acids and oxylipins

LA** 8.5 (6.4, 13) 7.6 (4.8, 11) .038

9-HODE 4.4 (2.7, 6.8) 2.6 (1.1, 6.2) .26

13-HODE 8.4 (5.6, 15) 5.6 (2.6, 13) .15

9,10-DiHOME 2 (1.1, 2.6) 1.3 (.64, 4.1) .61

13H-9,10E-LA .25 (.21, .37) .19 (.12, .31) .21

9H-12,13E-LA .19 (.13, .24) .1 (.075, .28) .85

9,12,13-TriHOME .13 (.09, .22) .11 (.086, .17) .26

GLA .083 (.05, .13) .05 (.028, .075) <0.001

DGLA .096 (.081, .13) .098 (.082, .12) .71

AA .15 (.12, .18) .18 (.13, .21) .20

5-HETE .19 (.14, .28) .14 (.12, .19) .012

12-HETE .21 (.1, .28) .17 (.1, .23) .36

15-HETE .33 (.25, .6) .19 (.12, .32) <0.001

TxB2 .098 (.06, .22) .057 (.036, .14) .16

DTA .04 (.03, .055) .035 (.028, .048) .54

DPA n-6 .04 (.03, .055) .054 (.042, .085) <0.001

Omega-3 fatty acids and oxylipins

ALA .59 (.3, .82) .29 (.18, .51) <0.001

SDA (18:4 n-3) .011 (.007, .02) .008 (.004, .014) .008

ETA (20:4 n-3) .012 (.009, .02) .014 (.011, .019) .28

EPA .075 (.049, .1) .14 (.11, .19) <0.001

DPA n-3 .02 (.014, .03) .031 (.022, .04) .023

DHA .62 (.47, .8) 1.1 (.84, 1.6) <0.001

4-HDHA .07 (.04, .12) .12 (.069, .17) .004

10-HDHA .03 (.024, .041) .034 (.021, .072) .058

14-HDHA .19 (.15, .31) .2 (.12, .31) .71

17-HDHA .19 (.12, .3) .21 (.15, .28) .60

19,20-EpDPA .03 (.02, .05) .077 (.057, .11) <0.001

Other

Mead .01 (.008, .018) .009 (.006, .016) .041

*
Based on the Wilcoxon matched-pairs signed-ranks test.

**
9,10-EpOME & 9,10,13-TriHOME had >50% values below LOQ.

Concentrations: fatty acids (ug/mL); oxylipins (ng/mL).
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