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ABSTRACT 

Background: The use of immunomodulatory diets containing polyunsaturated fatty acids 

(PUFAs) like -linolenic acid (GLA), eicosapentaenoic acid (EPA), and docosahexaenoic 

acid (DHA) are inconsistent in patient populations suffering from acute respiratory distress 

syndrome (ARDS). We postulate that genetic variants impacting PUFA metabolism might 

explain mixed responses to PUFA-enriched diets. 

Objective: In this study, we tested the effects of single nucleotide polymorphisms (SNPs) 

spanning the fatty acid desaturase (FADS) genes and elongase of very long chain fatty 

acid (ELOVL) genes on differential responses to PUFA-enriched diets in ARDS patients.  

Design: We performed a secondary analysis of the OMEGA trial (NCT00609180; n=129 

control; n=143 omega-oil). DNA was used to genotype 30 FADS-related SNPs and 20 

ELOVL SNPs; plasma was used to quantitate PUFA levels. We tested for SNP-diet 

interactions on PUFA metabolic traits and patient outcomes. Adjustments for multiple 

comparisons were made, such that a p-value≤<0.003 was considered statistically 

significant. All statistical analyses were performed in SAS (v9.4, Cary, NC, USA). 

Results: We determined no single SNP explained the variability in circulating PUFA 

levels. However, 6 genetic variants were associated with basal estimates of desaturase 

(as quantified by GLA/LA ratios and ARA/DGLA ratios) and elongase (as quantified by 

DGLA/GLA and DPA/EPA ratios) activity (i.e. rs174537 (MYRF), rs174532 (MYRF), 

rs174602 (FADS2), rs174627 (FADS2), rs1346602 (ELOVL5), rs911196 (ELOVL2)). Five 

genetic variants were marginally associated with inflammatory phenotypes (i.e. rs174537 

(MYRF), rs174448 (FADS3), rs7755145 (ELOVL2), rs7760683 (ELOVL2), rs4394207 

(ELOVL5)). Two genetic variants were associated with coagulation and hepatic outcomes 
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(i.e. rs498793 (FADS2), rs4532436 (ELOVL2)). Some of these SNPs (i.e. rs174532 

(MYRF), rs174602 (FADS2), rs2281591 (ELOVL2), rs1346602 (ELOVL5)) were also 

associated with mortality in patients receiving the omega-oil diet. Overall, minor allele 

carriers of FADS variants and ELOVL SNPs tended to display less inflammation and 

improved patient outcomes with the OMEGA diet. These effects varied drastically by race; 

with African Americans being more susceptible to worse outcomes. 

Conclusions: This study highlights key FADS and ELOVL variants potentially associated 

with PUFA metabolic traits and clinical outcomes in ARDS patients receiving PUFA-

enriched diets, as well as potential health disparities between Caucasian and Africans. 

We confirmed that rs174537 was associated with surrogate measures of FADS1 activity 

(i.e. ARA/DGLA ratio). We also identified 4 FADS-related SNPs significantly associated 

with surrogate measures of FADS2 activity (i.e. GLA/LA ratio; rs174532 and rs174602), 

F3-isoprostane (rs174448), as well as hepatic (i.e. rs498793 and rs174448) and 

coagulation (rs498793) complications. We additionally identified 2 ELOVL SNPs that 

were significantly associated with hepatic and coagulation failure-free days (i.e. 

rs4532436) and 30-day mortality (i.e. rs1346602). Further investigations in larger multi-

ethnic cohorts are needed to evaluate the mechanistic impact of these SNPs on 

differential rates of fatty acid metabolism and downstream thrombogenic pathways in 

ARDS patients. 

Keywords: PUFA, FADS, MYRF, ELOVL, ARDS, omega-3, GLA, EPA, DHA, SNP-diet 

interactions, OMEGA trial 
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CHAPTER I: INTRODUCTION 

EVOLUTION OF THE HUMAN DIET 

Since the beginning of recorded history, the human diet and its lipid content have 

evolved, at times raising concerns about human health and disease (1, 2). Approximately 

3 million years ago during the Paleolithic era, or Stone Age, hunters and gatherers 

foraged the land for wild game and vegetation, ultimately providing sources of food low in 

dietary fats. It wasn’t until the Agricultural Revolution in the 18th century, that farmers were 

able to domesticate animals and crops, allowing them to feed and fatten livestock for a 

more stable and nutritious food source richer in dietary fats. Following this period was the 

Industrial Revolution beginning in the late 1700s, which marked the start of the mass 

production and diversification of food sources. During this time, the Food and Drug 

Administration (FDA) became more involved in the regulation of foods and drugs including 

standards for packaged meat products, genetically modified foods, and nutritional dietary 

supplements.  

One of the most consequential changes to dietary patterns in the United States, 

however, occurred in the 1980s when the American Heart Association approved canola 

and vegetables oils as heart healthy, leading to sharp increases in the consumption of 

omega-6 essential fatty acid linoleic acid (LA). That initial campaign prompted significant 

changes in patterns of fatty acid consumption in the Modern Western Diet (MWD), which 

drew in significant contrast to other dietary lifestyles like that of the Mediterranean diet. 

For example, while the typical MWD is characterized as having high levels of both 

saturated and processed fats and deficient in fruits and vegetables, the average 
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Mediterranean diet traditionally has higher amounts of healthier unsaturated fats, fruits, 

vegetables, and legumes (3). Recent estimates of the total lipid content found in the MWD 

reflects an omega-6:omega-3 ratio of approximately 20-30:1, while the Mediterranean 

diet is more balanced at about 1-2:1 (4). These divergent dietary lifestyles have been 

associated with differential health outcomes in humans, in part, due to their differing 

PUFA contents. The MWD diet and the dramatic increase in omega-6 intake have been 

associated with obesity, insulin resistance, metabolic syndrome, heart disease, systemic 

inflammation, and cancer. It is ultimately this realization that has encouraged more 

research in better understanding how lifestyle and dietary choices contribute to the 

diverse determinants of human health and disease risk.  

 

FATTY ACID BIOSYNTHESIS AND METABOLISM IN THE LIVER 

Seated in the upper right quadrant of the abdominal cavity below the diaphragm 

and to the right of the stomach is the liver, the largest internal organ in the body (5). 

Hepatocytes, which account for upwards of 80% of the total cell population found in the 

liver, play a critical role in de novo lipogenesis and fatty acid biosynthesis and metabolism. 

Once obtained from the diet, essential fatty acids are converted to long chain 

polyunsaturated fatty acids (PUFAs) that are either incorporated into cellular membranes, 

stored as energy in the form of triglycerides and cholesterol esters, or transported to other 

organs to act as signaling molecules (6). Hepatic regulation of fatty acids are tightly 

regulated by the liver and yet highly dynamic due to changes in dietary fatty acid content.   

There are two essential fatty acids obtained solely from diet: omega-6 fatty acid 

LA and omega-3 fatty acid α-linolenic acid (ALA) (Figure 1.1). Through a series of 



 16 
 

alternating desaturase and elongase enzymatic steps, which are encoded by the FADS 

and ELOVL genes, LA and ALA are metabolized into long chain PUFAs, including 

arachidonic acid (ARA) and docosahexaenoic acid (DHA), respectively.  

 

 

Figure 1.1: Biosynthesis and metabolism of polyunsaturated fatty acids. Reprinted 
from European Journal of Pharmacology, Vol 785, Susan Sergeant, Elaheh Rahbar, 
Floyd H. Chilton, Gamma-linolenic acid, Dihommo-gamma linolenic, Eicosanoids and 
Inflammatory Processes, pages 77-86, Copyright (2016), with permission from Drs. 
Chilton, Sergeant, and Rahbar and Elsevier. DOI: 10.1016/j.ejphar.2016.04.020 
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SPECIALIZED LIPID MEDIATIORS OF INFLAMMATION 

 PUFAs biosynthesized by the liver or derived from the diet serve as key substrates 

for the synthesis of bioactive molecules called eicosanoids, docosanoids, and specialized 

pro-resolving lipid mediators of inflammation (SPMs) in target tissues (7, 8). Dietary intake 

of essential omega-3 and omega-6 fatty acids and the capacity to metabolize them into 

long chain PUFAs that participate in acute inflammatory and thrombogenic pathways 

have become an important area of research for understanding how environmental (i.e. 

dietary) factors influence the inflammatory response (9, 10). For example, upon injury or 

cellular damage, omega-3 fatty acids eicosapentaenoic acid (EPA) and DHA as well as 

omega-6 fatty acid ARA are released from membrane phospholipids where they circulate 

intracellularly as free fatty acids. Extracellular fatty acids also enter the cell through 

incorporation into membrane phospholipids or through G-coupled protein receptors like 

GPR120. Once inside the cell, nuclear receptors that serve as natural ligands for fatty 

acids (e.g. peroxisome proliferator-activated receptor gamma; PPAR-) bind to EPA and 

DHA to inhibit the translocation of nuclear factor kappa beta (NF-b) and subsequent 

gene expression of inflammatory molecules (Figure 1.2a). Simultaneously, intracellular 

free fatty acids are further oxidized into eicosanoids, docosanoids, and SPMs via the 

lipoxygenase and cyclooxygenase pathways (Figure 1.2b). Ultimately, it is the signaling 

through these complementary and competing pathways that allow both omega-3 and 

omega-6 derived metabolites to serve as key biological mediators of inflammation and 

participate in downstream inflammatory and thrombogenic pathways.  
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Figure 1.2a: Mechanistic actions of polyunsaturated fatty acids. Reprinted from the 
International Journal of Molecular Science, Vol 18, Eleonora Scaioli, Elisa Liverani, 
Andrea Belluzzi, The Imbalance between n-6/n-3 Polyunsaturated Fatty Acids and 
Inflammatory Bowel Disease: A Comprehensive Review and Future Therapeutic 
Perspectives, Copyright (2017), with permission from Dr. Belluzzi. DOI: 
10.3390/ijms18122619. Endotoxins like lipopolysaccharide (LPS) bind to toll-like receptor 
4 (TLR4) and promote inflammation by activating the nuclear factor-kappa β (NF-kB) 
signaling cascade. The subsequent translocation of NF-kB into the nucleus initiates the 
transcription of COX-2 and cytokine-related genes. In macrophages, omega-3 PUFAs like 
EPA and DHA enter the cell via G-protein coupled receptors like GPR120 or are released 
from cellular membranes to directly inhibit NF-kB signaling. The nuclear receptor 
peroxisome proliferator activated receptor (PPAR-y), which can inhibit NF-kB signaling, 
also serves as a natural ligand for omega-3 PUFAs.  

 

 

 

Diet         Diet 

 ↓        ↓        ↓ 

ALA             → EPA   → DHA 



 19 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2b: Oxidation of polyunsaturated fatty acids into eicosanoids and 
specialized pro-resolving lipid mediators of inflammation. Reprinted from the 
International Journal of Molecular Science, Vol 18, Eleonora Scaioli, Elisa Liverani, 
Andrea Belluzzi, The Imbalance between n-6/n-3 Polyunsaturated Fatty Acids and 
Inflammatory Bowel Disease: A Comprehensive Review and Future Therapeutic 
Perspectives, Copyright (2017), with permission from Dr. Belluzzi. DOI: 
10.3390/ijms18122619. Omega-6 fatty acid Arachidonic acid (AA) and omega-3 fatty 
acids eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) are formed via 
precursor fatty acids or are obtained directly from the diet. Once incorporated into cellular 
membranes, phospholipase A (PLA2) releases these fatty acids intracellularly, where they 
can be oxidized into potent lipid mediators of inflammation. Metabolites derived from AA 
are generally considered pro-inflammatory, while those derived from EPA and DHA are 
considered inflammation-resolving.   
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GENETIC DIVERSITY IN LIPID METABOLISM AND EICOSANOID PRODUCTION 

 For a long time, it was thought that fatty acid metabolism was slow and relatively 

equal across populations, such that all individuals had the same capacity to metabolize 

essential fatty acids into PUFAs. However, over the past two decades several studies 

have shown that genetic variants located within the FADS haplotype block on 

chromosome 11, which spans from 46,023,203 - 96,947,023 (size: 50,923,821 base 

pairs), are associated with differential capacities for PUFA metabolism and the 

subsequent generation of eicosanoids. Most notable is single nucleotide polymorphism 

(SNP) rs174537, located downstream of FADS1, which accounts for nearly 20% of the 

variation seen in circulating ARA levels (11). Individuals who are homozygous with the 

major allele (i.e. GG) at rs174537 have higher circulating and tissue levels of ARA 

compared to individuals with the minor allele (i.e. GT/TT). This genotypic association with 

elevated ARA levels has also been associated with the increased production of 

leukotriene B4 (LTB4) and 5-Hydroxyeicosatetraenoic acid (5-HETE), which are common 

inflammatory markers (12). Genome wide association studies (GWAS) additionally report 

ethnic-specific variations in the frequency and distribution of FADS and ELOVL variants. 

As it relates to rs174537, the major allele (i.e. G) is associated with enhanced PUFA 

metabolism and eicosanoid production and is present at a much higher frequency in 

African ancestral populations (80% vs. 45% compared to Caucasian/European ancestry). 

The literature suggests that what was once an important advantage (i.e. the ability to 

more efficiently metabolize PUFAs, particularly in diets deficient in omega-3 fatty acids), 

may now be considered a potentially harmful evolutionary trait with increased omega-6 
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intake within the MWD; and may disproportionately affect individuals with African ancestry 

over European ancestry (13). 

 

CLINICAL NUTRITION FOR ACUTE LUNG INJURY & ACUTE RESPIRATORY 

DISTRESS SYNDROME 

 Acute inflammation, which is a normal and necessary process occurring after 

vascular and cellular injury, may lead to chronic inflammation if not tightly controlled. 

Consequently, dysregulated inflammatory processes remain an obstacle in treating many 

pulmonary conditions like chronic obstructive pulmonary disease (COPD), coronavirus 

2019 (COVID-19), cystic fibrosis, pneumonitis, and acute respiratory distress syndrome 

(ARDS). ARDS is a pulmonary disorder associated with increased vascular permeability 

and significantly reduced lung compliance, accounts for upwards of 40% of in-hospital 

mortalities nationwide (14). Though many strategies have been proposed for the 

treatment of ARDS, (i.e. prone positioning to help with oxygenation; fluid restriction, 

diuretics, and vasodilators to help with pulmonary edema; and cell-based therapies to 

prevent tissue damage), mechanical ventilation remains the gold standard for improving 

lung compliance, oxygenation, and prevention of alveolar collapse. And though lung-

protective mechanical ventilation has been associated with improved pulmonary 

outcomes in some patients, ARDS is marked by clear pathologic and biologic 

heterogeneity that continues to comprise effective treatment strategies in the intensive 

care unit (ICU) (15, 16). As a result, immunomodulatory diets have emerged as a 

secondary treatment modality for critically ill ARDS patients.  
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 Dietary supplementation of omega fatty acids like -linolenic acid (GLA), EPA, and 

DHA have become an attractive adjuvant therapy for ARDS patients because of their anti-

inflammatory effects. Cell culture and animal studies repeatedly demonstrate that omega-

3-derived SPMs and eicosanoids attenuate inflammation by regulating cyclooxygenase 

(COX) and lipoxygenase (LOX) pathways (17, 18), modulating macrophage and 

neutrophil activity (19-21), upregulating the expression of tight junction proteins in the 

lung (22, 23), and improving endothelial and epithelial cell function (24, 25). However, the 

clinical benefit of immunomodulatory diets rich in GLA, EPA, and DHA remain 

controversial among patients with ARDS who continue to have highly variable responses 

to PUFA-enriched diets in the ICU (26). 

 

MOTIVATION, SPECIFIC AIMS, AND SIGNIFICANCE  

Evolutionary changes to the human diet and the genetic variants that inform their 

metabolism and regulation are major determinants of human health and disease. In 

pulmonary disorders like ARDS, which are plagued by heterogenic precipitating factors 

and clinical manifestations in the ICU, new strategies are desperately needed to identify 

patients most suitable for immunomodulatory treatments. The proposed research study 

seeks to investigate genomic influences impacting response to omega oil diets in critically 

ill patients. We aim to evaluate the impact of FADS and ELOVL genetic variants on not 

only the response to PUFA-enriched diets, but also their impact on patient outcomes. We 

hypothesize that genetic variants impacting PUFA metabolism can explain some of the 

heterogeneity observed in human clinical studies. Although studies have addressed the 

complexity of PUFA-enriched diets, the mechanisms underlying PUFA metabolism, and 
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the impact genetic variants have on key PUFA metabolic processes, few have addressed 

all three in vulnerable (i.e. ARDS patients) and diverse (i.e. African ancestry individuals) 

populations. Therefore, the principle aims of this study are to 1) determine the effects of 

FADS and ELOVL genetic variants (including rs174537) on response to PUFA-enriched 

diets in ARDS patients, 2) determine the effects of FADS and ELOVL genetic variants on 

acute inflammatory phenotypes in ARDS patients, and 3) to finally determine the impact 

of FADS and ELOVL genetic variants on clinical outcomes in ARDS patients. The results 

from this research study will enable us to answer key mechanistic questions related to 

PUFA metabolism and inflammation in critically ill patients with ARDS.  
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Abstract 

Background: Nutrition in the intensive care unit (ICU) is vital for patient care; however, 

immunomodulatory diets rich in polyunsaturated fatty acids (PUFAs) like -linolenic acid 

(GLA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) remain 

controversial among patients with acute respiratory distress syndrome (ARDS). We 

postulate that genetic variants impacting PUFA metabolism contribute to mixed 

responses to PUFA-rich diets.  

Objective: In this study, we aimed to test the effects of single nucleotide polymorphism 

(SNP) rs174537 on differential responses to PUFA-rich diets.  

Design: We performed a secondary analysis of the OMEGA trial (NCT00609180) where 

129 subjects received placebo and 143 received omega-oil. DNA was extracted from 

buffy coats and used to genotype rs174537; plasma was used to quantitate PUFAs. We 

tested for SNP-diet interactions on PUFA levels, inflammatory biomarkers, and patient 

outcomes.  

Results: We observed that all individuals receiving omega-oil, displayed significantly 

higher levels of GLA, EPA, and DHA (all p<0.0001), but they did not vary by genotype at 

rs174537. Statistically significant SNP-diet interactions were observed on circulating DHA 

levels in African Americans. Specifically, African American T-allele carriers on placebo 

illustrated elevated DHA levels. Additionally, all individuals receiving omega-oil had higher 

levels of EPA-derived urinary F3-Isoprostane (Caucasians: p=0.0011; African Americans: 

p=0.0002). Despite these findings, we did not detect any significant SNP-diet interactions 

on pulmonary functional metrics, clinical outcomes, or mortality.  
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Conclusions: This study highlights the importance of genetic and racial contributions to 

PUFA metabolism and inflammation. In particular, rs174537 had a significant impact on 

circulating DHA and urinary isoprostane levels. Given our relatively small sample size, 

further investigations in larger multi-ethnic cohorts are needed to evaluate the impact of 

rs174537 on fatty acid metabolism and downstream inflammation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 31 
 

Introduction 

Acute respiratory distress syndrome (ARDS) is an acute diffuse, inflammatory lung 

injury, associated with increased pulmonary vascular permeability, increased lung weight, 

loss of aerated lung tissue, and significantly reduced lung compliance (1). It is also 

commonly referred to as acute lung injury. Globally, ARDS continues to plague hospitals 

and intensive care units (ICUs), ultimately contributing up to 40% of in-hospital mortalities 

(2).  ARDS patients not only have poor respiratory function, but also tend to have higher 

levels of markers for coagulation and epithelial/endothelial cell injury (3), as well as higher 

incidences of sepsis (4), demonstrating the inflammatory nature of this syndrome. While 

mechanical ventilation remains the primary treatment of choice in ARDS patients, 

immunomodulatory diets have emerged as a secondary or adjuvant treatment for critically 

ill ARDS patients (5).   

Immunomodulatory dietary blends were first proposed in 1985, with the key active 

ingredients being omega-3 polyunsaturated fatty acids (PUFAs) such as 

eicosapentaenoic acid (6) and docosahexaenoic acid (DHA) (7). These PUFAs have 

been shown to exert anti-inflammatory effects by producing various specialized pro-

resolving lipid mediators. In addition, omega-6 PUFAs such as gamma linolenic acid 

(GLA) and arachidonic acid (ARA) serve as precursors to the production of various 

eicosanoids, leukotrienes and isoprostanes (8, 9). As a result, companies like Abbott 

Nutrition and Nestle® created a suite of immunomodulatory diets for critically ill patients, 

such as: IMPACT®, Vital®, Pivot®, and Oxepa® to name a few. The PUFA content of 

these commercially available diets is provided in Supplemental Table 2.1. Over the past 
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25 years, these diets have been used by hospitals and tested in several clinical trials (10-

15).   

 

Supplemental Table 2.1. PUFA content of commercially available 
immunomodulatory diets for critically ill patients. ARDS patients enrolled in the 
OMEGA clinical trial received the Oxepa blend manufactured from Abbott Nutrition. PUFA 
blends denoted with an asterisk (*) are lipid emulsions used for infusion. 

 

 

 

For example, blunt force trauma patients receiving IMPACT®, experienced a 

decrease in major organ failure  with no differences in ventilator-free days (VENT-free 

days), length of stay in the ICU, or length of stay in the hospital (10). In contrast, ARDS 

patients given Oxepa®, a similar formulation enriched in omega-3 fatty acids, 

PUFA blends Manufacturer Fish oil content 

IMPACT PEPTIDE 1.5 
Nestle Healthcare 

Nutrition 

 3.7 g/L (880 mg/8 fl oz) EPA 

 1.2 g/L (285 mg/8 fl oz) DHA 

 31.6 g/L (7.5 g/8 fl oz) medium chain 
triglycerides in the form of coconut oil 
and refined fish oils from sardine and 
soybean (1.4:1 n6:n3 ratio) 

Vital Abbott Nutrition 
 2.3 g/L (545 mg/8 fl oz) EPA 

 0.9 g/L (215 mg/8 fl oz) DHA 

Pivot Abbott Nutrition 
 2.6 g/L (615 mg/8 fl oz) EPA 

 1.1g/L (260 mg/8 fl oz) DHA 

Oxepa Abbott Nutrition 
 4.6 g/L (1.1 g/8 fl oz) EPA 

 1.9 g/L (450 mg/8 oz) DHA 

 4.0 g/L (950 mg/8 fl oz) GLA 

Lipidem/Lipoplus* B. Braun 

 5:4:1 medium chain triglycerides, 
soya oil and n-3 fatty acids 

o 38.4 – 46.4 g/L LA 
o 4.0 – 8.8 g/L ALA 
o 8.6 – 17.2 g/L EPA 

and DHA 

Intralipid 20%* Fresenius Kabi 
 200g soya (soybean) oil containing 

~58% PUFAs in the form of ALA 
(~7%) and LA (51%) 
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experienced a significant reduction in the number of VENT-free and ICU-free days, 

suggesting a greater need for mechanical ventilation and time in the ICU (11, 12). Other 

clinical trials employing these commercially available dietary blends have reported no 

differences in survival among ARDS patients, but report a significant reduction in mortality 

among septic patients (13, 14). In the OMEGA trial, ARDS patients receiving a twice daily 

enteral supplementation of the OXEPA® diet containing GLA, EPA, and DHA had 3 fewer 

VENT-free days and a 10% increase in 60-day mortality compared to those receiving the 

control diet (15). Consequently, the trial ended early, at its first interim analysis time point, 

and has contributed to the current controversy over the use of PUFA-enriched dietary 

blends in ARDS patients. Current nutritional guidelines and recommendations for critically 

ill ARDS patients remain heterogeneous and sub-optimal (16-18). Therefore, there is a 

need to better understand which patients could benefit from these adjuvant dietary 

blends. Such an understanding will likely be borne from deeper understanding of the 

complex roles omega-3 and omega-6 fatty acids play during the acute phases of 

inflammation as well as appreciation of the genetic influences that govern PUFA 

metabolism.   

The biosynthesis and metabolism of long chain PUFAs occurs predominantly in 

the liver and is largely regulated by enzymes encoded by the fatty acid desaturase (FADS) 

and elongase (ELOVL) genes.  Essential dietary PUFAs alpha-linolenic and linoleic acids, 

undergo multiple desaturation and elongation steps, to form long-chain omega-3 and 

omega-6 PUFAs (i.e. DHA and ARA, respectively), with the desaturation steps often 

being the rate-limiting steps. Historically, it was thought that all individuals had similar 

metabolic capacities with respect to fatty acid metabolism and synthesis. However, in light 



 34 
 

of genome wide association studies, several genetic variants near and within the FADS 

gene cluster have been identified and shown to be associated with differential metabolic 

capacities (19). Most notable, the single nucleotide polymorphism (SNP) rs174537, which 

is located within a ~30kb haplotype block near FADS1, accounts for nearly 20% of the 

variation in ARA levels and is strongly associated with FADS1 enzymatic activity (20, 21). 

Further, the allele frequency of this SNP has been shown to exhibit large variations by 

ancestry and geographic location. Compared to Caucasian Americans, African 

Americans have higher frequencies of the major allele (G) at rs174537, which is 

associated with more efficient metabolic conversion of omega-6 fatty acids than minor 

allele carriers (T) (22, 23).  

While the biochemical phenotypes of SNPs like rs174537 include differential 

capacities to metabolize PUFAs, this variant has a considerable impact on downstream 

inflammatory processes and diseases. Individuals homozygous for the major allele at 

rs174537 (i.e. GG) have been shown to possess an increased capacity to synthesize 

more pro-inflammatory eicosanoids like 5-Hydroxyeicosatetraenoic acid (5-HETE), 

Leukotriene B4 (LTB4), and 8-epi-prostaglandin F2α (8-epi-F2-2α) (24, 25). In addition, 

rs174537 has been associated with eczema (26), asthma (27), cardiovascular disease, 

and other inflammatory-related diseases (28).  The next logical question is whether 

manipulation of dietary PUFA intake, in a genotype-dependent manner, could be 

leveraged to improve patient outcomes. This type of study has not yet been applied to 

patient populations. However, a SNP-diet interaction has been demonstrated in healthy 

subjects consuming daily omega-oil supplements in a double-blind, randomized, placebo-

controlled cross-over study (29).  
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Given the growing body of compelling data pointing to the importance of a genetic 

governance of fatty acid metabolism, we hypothesized that SNP rs174537 would 

contribute to the differential response to PUFA-rich diets and potentially influence patient 

outcomes. To test this hypothesis, we leveraged on the OMEGA randomized control trial, 

which evaluated the effect of twice-daily enteral supplementation of fatty acids GLA, EPA, 

DHA and antioxidants on VENT-free days in patients with acute lung injury. The 

randomized control trial was terminated at the first interim analysis due to no evidence of 

improvement in the primary end point of VENT-free days or other clinical outcomes in 

patients with acute lung injury and there was some indication that the diet may be 

imposing harm (15). The primary objective of this study was to evaluate the impact of 

rs174537 on the response to PUFA-rich diets within the OMEGA trial and to assess SNP-

diet interactions on downstream inflammatory pathways and patient outcomes.   

 

Materials and Methods 

Study Population: The OMEGA study was a randomized, double-blind, placebo-

controlled, multi-center trial conducted from January 2, 2008 through February 21, 2009 

(NCT00609180). This study was funded by the National Heart, Lung, and Blood Institute 

and led by the Acute Respiratory Distress Syndrome Network. A total of 272 adults, aged 

between 18 and 89 years of age, who were within 48 hours of developing ARDS and/or 

acute lung injury and required mechanical ventilation were enrolled in the OMEGA trial.  

The complete study design for the trial is described in detail elsewhere (15). Briefly, 

patients were randomized to receive either a twice-daily enteral supplementation of the 

omega-oil diet (OXEPA®, Abbott Nutrition) containing GLA, EPA, DHA, plus antioxidants 



 36 
 

(n=143) or an isocaloric-isovolemic carbohydrate-rich control/placebo diet (n=129). 

Plasma and urine samples were collected at 0, 3, 6, and 12 days post-randomization. All 

de-identified patient samples were frozen at -70°C for further analysis and were provided 

by the Biological Specimen and Data Repository Information Coordinating Center 

(BioLINCC) through an approved material transfer agreement. Individual measurements 

for patient demographics, vital signs, pulmonary functional metrics and clinical outcomes 

were also de-identified and compiled into a single database maintained by BioLINCC. 

This secondary analysis was approved both by BioLINCC and the Wake Forest Baptist 

Medical Center (WFBMC) Institutional Review Board (IRB) (IRB#00035109). 

Biospecimens and other study data were received from BioLINCC for analyses at 

WFBMC for the purpose of this secondary analysis. 

This secondary analysis of the OMEGA trial was performed on a total of 214 

subjects, 116 randomized to the omega-oil diet and 98 to the control/placebo diet. We 

had to exclude 58 subjects from the original OMEGA trial due to missing DNA samples 

and/or missing race information.  A flow chart illustrating the participants in each group of 

our secondary analysis is provided in Supplemental Figure 2.1. 

 

Supplement content and administration: The total energy content of the omega-oil 

(480kcal) and placebo control (474kcal) diets were comparable, while the total protein 

(3.8g versus 20g) and carbohydrate (4.2g versus 51.8g) content were much lower in the 

OMEGA diet. Additional levels of EPA (6.84g), DHA (3.40g), and GLA (5.92g) were 

supplemented in the omega-oil diet. Patients consumed (enterally) either the control diet 

or the omega-oil dietary supplement in the form of 4oz (120cc) servings every 12 hours 

starting at the time of randomization (i.e. 8oz (240cc) daily).  
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Supplemental Figure 2.1. Patient randomization in our secondary analysis of the 

OMEGA clinical trial. Of the 272 ARDS patients who were randomized in the OMEGA 

clinical trial, n=213 were successfully genotyped for the purpose of this secondary 

analysis. Individuals were excluded from the secondary analysis if they were not 

Caucasian or African American and if they did not have genotype data at rs174537. A 

total of n=174 Caucasian Americans and n=40 African Americans were included in the 

secondary data analysis.  

Genotyping at rs174537: Banked buffy coats (n=240) from the OMEGA clinical trial were 

used as the source of DNA. Isolation of DNA was performed using a modified salting-out 

precipitation method commonly used for the purification of DNA (Qiagen - Gentra 

Puregene Blood Kit).  Isolated DNA was subsequently used to identify genotype at 

rs174537. Sequencing was performed using an ABI 7500 real-time PCR machine. Hardy-

Weinberg equilibrium was confirmed by calculating expected allele frequencies stratified 

by race. It should be noted, only self-reported race from the patient demographics was 

available.  
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Fatty Acid Quantification: Fatty acid methyl esters were extracted from banked OMEGA 

trial plasma samples (n=181) collected at 0, 3, and 6 days post-randomization. Gas 

chromatography with flame ionization detection was used to quantify the fatty acid methyl 

esters, as previously described (30). Briefly, total fatty acids were prepared in duplicate 

plasma samples of 100uL and then saponified from complex lipids and converted to 

methyl esters in the presence of 100ug Triheptadecanoic internal standard (TAG of 

C17:0; Nu-Chek Prep; Elysian, MN). Fatty acids were analyzed on an Agilent J&W DB-

23 column (30 m · 0.25 mm ID, film thickness 0.25 mm) using an HP 7890 GC-FID (Agilent 

Technologies, Inc., Santa Clara, CA). Accounting for approximately, 99% of the total fatty 

acid content, an average of 26 peaks were routinely identified in the plasma samples. 

Fatty acid data are presented as the percentage of total fatty acids in the samples.  

 

Urinary biomarkers: Urine was collected at days 0 and 6 post-randomization in 144 

subjects from the original OMEGA trial. Urinary series 4 leukotrienes were previously 

quantified under the original study design, using ultraperformance liquid chromatography 

followed by electrospray ionization-mass spectrometry. F-series isoprostanes were 

quantified by using thin-layer chromatography followed by gas chromatography mass 

spectrometry. These urinary inflammatory biomarkers were normalized to creatinine 

levels (15). 

 

Statistical Analyses:  Baseline characteristics are summarized using median and 

interquartile range (IQR) for continuous variables like VENT-free and ICU-free days. 
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Percentages and counts are used to summarize categorical variables like primary cause 

of lung injury. To estimate the effects of rs174537 genotype on patient responses to the 

omega-oil diet, we first ran a mixed linear model containing a SNP-diet interaction term. 

If the SNP-diet interaction was not statistically significant, we then performed a simple 

mixed linear model without the SNP-diet interaction term to assess the main effects of 

diet and genotype. Both models were stratified by race, adjusted for age and gender, and 

had an autoregressive correlation matrix to account for repeated measures. In this study, 

we selected an autoregressive correlation matrix as it is a commonly used correlation 

structure applied to time series and repeated measures modeling (31). A dominant 

genotype model (i.e. 0=homozygous dominant “GG”, 1=heterozygous and homozygous 

recessive “GT/TT”) was also used in both models. Variables were either square root or 

log transformed to meet the linear regression assumptions of normality.  

To estimate the effects of genotype and diet on patient outcomes such as VENT-

free and ICU-free days, a Tobit regression model was used. Mortality at 30, 60, and 90-

days was evaluated using a Cox proportional hazard regression model. All statistical 

analyses were stratified by race, adjusted for age and gender, and were considered 

statistically significant if p<0.005. The reason for this lower p-value is to account for 

multiple comparisons we made between the SNP and five PUFAs (i.e. GLA, EPA, DHA, 

ARA, and DPA) and three urinary markers of inflammation (F2-Isoprostane, F3-

Isoprostane, and Leukotriene E4) included in our analysis. We employed a Bonferroni 

correction such that a p-value of 0.005 was deemed statistically significant. All statistical 

analyses were performed in SAS (v9.4, Cary, NC, USA). 
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Results 

Baseline characteristics of study participants 

We were able to successfully genotype 240 subjects from the OMEGA trial, 174 

were Caucasian, 40 were African Americans and 26 were other races. Given our primary 

goal was to investigate SNP-diet interactions, we had to stratify our analyses by race and 

therefore were limited to the Caucasian and African American subsets. The observed 

allele frequency of the SNP was consistent with previous reports (22, 23) and met HWE. 

Approximately, 45% of Caucasians and 80% of African Americans were homozygous with 

the major allele G.  The distribution of genotype by race is reported in Table 2.1. 

 

Table 2.1. Genotype distribution of rs174537 in OMEGA trial. For the purpose of this 
secondary analysis, a total of 214 Caucasian and African American ARDS patients 
enrolled in the OMEGA clinical trial were successfully genotyped at rs174537. The chi-
square and fisher exact tests were used to assess differences in genotype distribution 
within each race. The proportion of GG and GT individuals were comparable in Caucasian 
Americans, but were not statistically different from the observed genotype frequency of 
TT individuals. While nearly all African Americans were GG, we did not observe any 
statistically significant differences between the observed genotype frequencies at 
rs174537.   

 

 

 

 

Genotype at rs174537  

(n=214) 

Caucasian Americans 

(n=174) 

African Americans 

(n=40) 

GG (52%) 45% (79) 80% (32) 

GT (39%) 44% (77) 18% (7) 

TT (9%) 11% (18) 2% (1) 

p-value 0.157 0.158 
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Patient demographics and baseline study measurements are summarized by 

genotype and race in Tables 2.2a-b. Study participants were mostly Caucasian and 

accounted for 81% of patients included in the study. Pneumonia and sepsis were the two 

most common causes of lung injury. There were no statistically significant differences in 

patient demographics and baseline measurements based on genotype at rs174537 or 

diet groups. This is an important finding because the original trial reported significant 

differences in VENT-free days between diet groups, when you consider the entire study 

cohort. Indeed, we were able to reproduce this effect. However, when you repeat the 

analysis stratified by race, this effect is no longer observed suggesting that there are key 

racial differences in the response to omega-oil diet. 
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Table 2.2a. Summary of patient demographics by genotype at rs174537 for 
Caucasian Americans in the OMEGA trial (n=174). Chi-square and fisher exact tests 
were used to assess differences in baseline study characteristics. The proportion of 
Caucasian GGs and GT/TTs randomized to each diet arm were comparable. We did not 
observe any statistically significant differences in gender, age, primary cause of lung 
injury, clinical outcomes, and mortality between GG vs GT/TT individuals randomized to 
each diet arm. 
 

 

 

 

 

 

 

Caucasian 

Americans 

(n=174) 

Control 

(n=83) 

Omega Oil 

(n=91) 

p-value 

Diet 

effects 

p-value  

SNP  

effects 

Genotype at 

rs174537 

GG 

(n=37) 

GT/TT 

(n=46) 

GG 

(n=42) 

GT/TT 

(n=49) 
    

Male 22% (18) 28% (23) 23% (21) 28% (25) 0.871 0.871 

Age (yrs) 53 (38, 

65) 

55 (41, 

67) 

52 (44, 

66) 

56 (46, 

72) 
0.240 0.418 

Cause of Lung Injury         0.360 0.371 

Pneumonia 21% (17) 30% (25) 21% (19) 30% (27)     

Sepsis 8% (7) 12% (10) 15% (14) 11% (10)     

Trauma 1% (1) 1% (1) 3% (3) 3% (3)     

Other  15% (12) 12% (10) 7% (6) 10% (9)     

Clinical Outcomes             

Vent-free Days 
21 (7, 23) 

23 (10, 

26) 
20 (0, 24) 21 (0, 24) 0.175 0.560 

ICU-free Days 
19 (7, 23) 

21 (12, 

25) 
20 (0, 24) 21 (1, 24) 0.423 0.246 

Cumulative Mortality              

At 14 days 5% (4) 6% (5) 8% (7) 10% (9) 0.369 0.904 

At 30 days 6% (5) 8% (7) 10% (9) 12% (11) 0.352 0.956 

At 90 days 8% (7) 11% (9) 12% (11) 13% (12) 0.591 0.661 
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Table 2.2b. Summary of patient demographics by genotype at rs174537 for African 
Americans in the OMEGA trials (n=40). Chi-square and fisher exact tests were used to 
assess differences in baseline study characteristics. Half of all the African Americans 
genotyped at rs174537 were GG and randomized to receive the omega-oil diet. Despite 
this unbalanced SNP-diet randomization in African Americans, we did not observe any 
statistically significant differences in gender, age, primary cause of lung injury, clinical 
outcomes, and mortality between GG vs GT/TT individuals randomized to each diet arm. 
 
 

 

 

 

 

 

 

African Americans 

(n=40) 

Control 
(n=15) 

Omega Oil 
(n=25) 

p-value 

Diet 

effects 

p-value  

SNP  

effects 

Genotype at 

rs174537 

GG 

(n=12) 

GT/TT 

(n=3) 

GG 

(n=20) 

GT/TT 

(n=5) 
    

Male 33% (5) 13% (2) 44% (11) 12% (3)  0.833 0.237 

Age (yrs) 
50 (39, 58) 

52 (51, 

65) 
46 (40, 62) 59 (53, 61) 0.864 0.122 

Cause of Lung Injury         0.313 0.158 

Pneumonia 73% (11) 13% (2) 52% (13) 8% (2)     

Sepsis 7% (1) 0% (0) 4% (1) 8% (2)     

Trauma 0% (0) 0% (0) 0% (0) 0% (0)     

Other  0% (0) 7% (1) 24% (6) 4% (1)     

Clinical Outcomes             

Vent-free Days 18 (0, 24) 14 (0, 27) 20 (11, 25) 10 (0, 18) 0.838 0.245 

ICU-free Days 
17 (2, 22) 

15 (12, 

27) 
19 (7, 24) 9 (0, 13) 0.283 0.521 

Cumulative Mortality              

At 14 days 13% (2) 0% (0) 12% (3) 8% (2) 0.195 0.600 

At 30 days 13% (2)  0% (0) 16% (4) 12% (3) 0.053 0.419 

At 90 days 13% (2)  0% (0) 16% (4) 12% (3)  0.053 0.419 
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Effects of diet and genotype on circulating fatty acid levels 

We observed that all individuals who were randomized to the omega-oil diet, displayed 

significantly higher circulating levels of GLA, EPA and DHA at days 3 and 6 (all p<0.0001) 

(Figures 2.1A-E). This was to be expected since the omega-oil diet was enriched with 

these three fatty acids. We then tested for SNP-diet interactions impacting GLA, EPA, 

and DHA and found that African Americans carrying the T allele (i.e. GT/TT) in the 

placebo group had high baseline DHA levels that were comparable to the OMEGA oil diet 

group. In fact, we detected a statistically significant SNP-diet interaction on DHA levels in 

African Americans (Figure 2.1F, p=0.002).  This appears to be due to inherently higher 

DHA levels at day 0 prior to any dietary supplementation from the OMEGA trial. 

Next, we focused on the metabolized long chain fatty acids derived from GLA and 

EPA, respectively. GLA is metabolized first to dihomo-gamma-linolenic acid (DGLA), 

which can give rise to anti-inflammatory bioactive lipids, and then to ARA, the precursor 

of pro-inflammatory bioactive lipids. Since there was no evidence of statistically significant 

SNP-diet interactions on DGLA and ARA, we tested for the main effects of rs174537 and 

diet impacting circulating levels of these PUFAs. Using a mixed linear model stratified by 

race and adjusting for age and gender, we observed that Caucasian GGs had slightly 

higher levels of ARA compared to GT/TTs at all time points (p=0.039) (Supplemental 

Figure 2.2). However, after adjustment for multiple comparisons, this observation was no 

longer considered statistically significant.  
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Figure 2.1. Circulating levels of GLA, EPA and DHA by rs174537 in the OMEGA trial. 
A mixed linear model with an autoregressive covariance structure was stratified by race 
and adjusted for age and gender in order to estimate the interactive and additive effects 
of diet and genotype at rs174537 on levels of GLA, EPA, and DHA. GLA and EPA 
variables were log transformed to meet the linear regression assumptions of normality. 
Differences in circulating levels of these fatty acids between diet and genotype were 
assessed using a dominant genotype model (i.e. GG=0 vs GT/TT=1) and considered 
statistically significant if p<0.005, based on our Bonferroni correction for multiple 
comparisons. We observed significant effects of diet on circulating levels of GLA, EPA, 
and DHA in both races. Interestingly, we observed a significant SNP-diet interaction on 
circulating levels of DHA in African Americans, where T-allele carriers on placebo 
displayed elevated levels of DHA, comparable to those on the omega-oil diet (p=0.0020; 
Figure 1F). 
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Supplemental Figure 2.2. ARA levels are not statistically significantly different 
between genotype. ARA variables were log transformed to meet the linear regression 
assumptions of normality. A mixed linear model with an autoregressive covariance 
structure was stratified by race and adjusted for age and gender in order to estimate the 
interactive and additive effects of diet and genotype at rs174537 on levels of ARA. 
Differences in circulating ARA levels between diet and genotype were assessed using a 
dominant genotype model (i.e. GG=0 vs GT/TT=1) and were considered significant if 
p<0.005. There was no evidence for a SNP-diet interaction in either racial cohort. After 
testing for main effects of rs174537 genotype and omega-oil diet, rs174537 seemed to 
influence circulating levels of ARA in Caucasian Americans (p=0.0391; Figure S1A), 
albeit this did not meet the threshold for our Bonferroni p-value of 0.005.  

 

 

We subsequently calculated the ARA/DGLA ratio, which is often used as a 

surrogate marker for FADS1 enzymatic activity and observed that Caucasian GGs had 

consistently higher ARA/DGLA ratios at baseline (p=0.0011), day 3 (p=0.0011), and day 

6 (p=0.0042) (Figure 2.2A-C). Though not statistically significant, this trend was similar 

in African American GGs, particularly if they received the omega-oil diet (Figure 2.2D-F). 



 47 
 

We believe that the lower sample size of African Americans and the high variability in 

GGs on omega-oil on day 3 is contributing to the non-statistically significant finding. 

 

 
Figure 2.2. Caucasian GGs at SNP rs174537 have higher ARA/DGLA ratios. ARA 
and DGLA variables were transformed to meet the linear regression assumptions of 
normality. A mixed linear model with an autoregressive covariance structure was stratified 
by race and adjusted for age and gender in order to estimate the interactive and additive 
effects of diet and genotype at rs174537 on ARA/DGLA ratios over time. Differences in 
ARA/DGLA ratios between diet and genotype were assessed using a dominant genotype 
model (i.e. GG=0 vs GT/TT=1) and considered statistically significant if p<0.005. There 
was no evidence of SNP-diet interactions observed in either racial cohort. After Bonferroni 
adjustments for multiple comparisons, we observed a significant genotype effect 
impacting levels of ARA/DLGA ratios in Caucasian Americans at baseline (p=0.0011; 
Figure 2A), day 3 (p=0.0011; Figure 2B), and day 6 (p=0.0042; Figure 2C). No significant 
genotype effects were observed in African Americans (Figure 2D-F). 
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On the omega-3 side, EPA is metabolized into long chain docosapentaenoic acid 

(DPA) and DHA. Individuals receiving the omega-oil diet displayed significantly increased 

levels of DPA on days 3 and 6 (p<0.0001), likely as a result of metabolized EPA from the 

diet (Figure 2.3). This pattern was consistent in both Caucasian and African American 

patients. Given that DHA was also supplemented in the diet, we were unable to tease out 

the contributions from dietary DHA vs. biosynthesized DHA. 

 

 

Figure 2.3. Circulating DPA levels are higher in ARDS patients receiving the omega-
oil diet. DPA variables were log transformed to meet the linear regression assumptions 
of normality. A mixed linear model with an autoregressive covariance structure was 
stratified by race and adjusted for age and gender in order to estimate the interactive and 
additive effects of diet and genotype at rs174537 on levels of DPA. Differences in 
circulating DPA levels between diet randomization and genotype groups were assessed 
using a dominant genotype model (i.e. GG=0 vs GT/TT=1) and were considered 
significant if p<0.005. There was no evidence for a SNP-diet interaction in either racial 
cohort. However all individuals on the omega-oil diet exhibited higher levels of DPA 
compared to those on placebo, in both races (p<0.0001; Figure 3A-B).  

 



 49 
 

Effects of diet and genotype on urinary inflammatory biomarkers 

In order to test for both interactive and main effects of rs174537 and the omega-

oil diet on urinary markers of inflammation, a mixed linear model stratified by race and 

adjusting for age and gender was used. Differences in levels of inflammation were 

considered statistically significant if p<0.005, after adjusting for multiple comparisons. 

Urinary F2-isoprostane (F2-IsoP), an ARA-derived prostaglandin-like compound, 

serves as a marker of inflammation and oxidative stress. In Caucasians, F2-IsoP levels 

did not change significantly over time, between genotype or diet groups (Figure 2.4A). In 

contrast, African American GGs on omega oil had significantly higher levels of F2-IsoP 

compared to GT/TTs (p=0.0329; Figure 2.4D). After our strict Bonferroni adjustment, 

however, this SNP-diet interaction was no longer considered statistically significant. 

Larger studies are needed to evaluate this potential interaction.  

F3-isoprostane (F3-IsoP) is an EPA-derived compound that serves as an 

inflammation-resolving metabolite that competes with and/or modulates the actions of F2-

IsoP and other pro-inflammatory molecules derived from major omega-6 fatty acids. All 

individuals on the omega-oil diet, regardless of race, had significantly higher levels of 

urinary F3-IsoP compared to those on placebo (Caucasians: p=0.0011; Figure 2.4B; 

African Americans: p=0.0002; Figure 2.4E). Genotype at rs174537 additionally had an 

effect on urinary F3-IsoP levels, where African American GT/TTs had lower levels (~50% 

lower) than GGs (p=0.0221; Figure 2.4E). After Bonferroni adjustment for multiple 

comparisons, this genotypic effect, however, was no longer considered statistically 

significant. Visually, the genotype effect appears to be additive, but larger studies are 

needed to verify this.  
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Series 4 Leukotriene (LTE4) is a potent ARA-derived eicosanoid involved in 

propagating inflammation. Caucasian GGs on the placebo diet displayed the largest 

reduction in urinary levels of LTE4 over 6 days, compared to GT/TTs on both placebo 

and omega-oil diets (p=0.0355; Figure 2.4C). African Americans, however, had more 

stable levels of LTE4 with a less pronounced changes over time. This was especially true 

for minor allele carriers (GT/TT) (p=0.0347; Figure 2.4F). After adjustment for multiple 

comparisons, these main effects observed for diet in Caucasian Americans and rs174537 

genotype in African Americans were no longer considered statistically significant.  

 

Effects of diet and genotype on pulmonary function 

 To determine the effects of SNP-diet interactions on pulmonary function, we 

evaluated the ratio of partial arterial oxygenation to fraction of inspired oxygen (i.e. 

PaO2/FiO2) and positive end expiratory pressure metrics. We did not observe any 

statistically significant SNP-diet interactions on any of these pulmonary metrics in either 

racial group. In addition, while we were able to detect some differences in the pulmonary 

function metrics by genotype, none of these met our adjusted Bonferroni p-value of 0.005. 

 

Effects of diet and genotype on clinical outcomes 

A Tobit model was used to estimate the effects of rs174537 genotype and diet on 

primary clinical outcomes (i.e. VENT-free and ICU-free days). We did not observe any 

significant differences in VENT-free or ICU-free days between genotype or the SNP-diet 

interaction when we stratified by race. Again, this is very important to note since the 

original OMEGA trial reported significant differences when the entire study population 
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was evaluated as a whole. This secondary analysis reveals potential racial differences in 

ARDS patients which should be considered for all future studies 

. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 2.4. The effect of genotype at rs174537 and diet on urinary inflammatory 
biomarkers. F-series isoprostane variables were log transformed and series 4 
leukotriene variables were square root transformed to meet the linear regression 
assumptions of normality. A mixed linear model with an autoregressive covariance 
structure was stratified by race and adjusted for age and gender in order to estimate the 
interactive and additive effects of diet and genotype at rs174537 on urinary biomarkers 
of inflammation. Differences between diet randomization and genotype groups were 
assessed using a dominant genotype model (i.e. GG=0 vs GT/TT=1) and considered 
significant if p<0.005. Though not statistically significant, African American major allele 
carriers receiving the omega-oil diet seemed to display higher levels of F2-isoprostane 
(p=0.0329; Figure 4D), F3-isoprostane (p=0.0221; Figure 4E), and series 4 leukotriene 
(p=0.0347; Figure 4F). The statistically significant increase in urinary F3-isoprostane in 
Caucasian and African Americans seemed to be driven primarily by the EPA provided in 
the omega-oil diet.   
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Effects of diet and genotype on mortality 

 Overall, there were 44 deaths in Caucasian Americans and 10 deaths in African 

Americans 90 days post-randomization. To determine the impact of genotype, diet and 

SNP-diet interactions on mortality we used a Cox proportional hazard model that adjusted 

for age and gender.  No statistically significant differences in mortality were observed 

between genotype or diet in the overall study population (Figure 2.5A). After stratifying 

by race, this effect remained insignificant in both racial cohorts. (Caucasian Americans: 

HR: 1.25; 95% CI: 0.659 – 2.372; p=0.49, Figure 2.5B; African Americans: HR: 2.47; 

95% CI: 0.507 – 12.017; p=0.26; Figure 2.5C).   

 

 

 

Figure 2.5. Effects of diet and rs174537 on survival rates in the OMEGA trial. A Cox 

proportional hazard regression model stratified by race and adjusting for age gender was 

used to assess differences in 30-day, 60-day, and 90-day mortality. Differences in 

mortality between diet and genotype were assessed using a dominant genotype model 

(i.e. GG=0 vs GT/TT=1) and was considered statistically significant if p<0.005. Using this 

model, we did not observe any statistically significant genotype, diet, or SNP-diet effects 

impacting 30-day, 60-day, or 90-day mortality in either racial groups. African American T-

allele carriers receiving the omega oil diet tended to display worst survival. 
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Discussion 

 It is well known that omega-3 and omega-6 fatty acids are key players of innate 

immunity and can modulate the acute phases of inflammation. However, the utility of 

omega-3 PUFA-enriched diets for modulation of inflammation continues to be debated 

due to conflicting results from several clinical trials in critically ill patients including those 

with ARDS. Genetic variants spanning the FADS gene cluster and those in strong linkage 

disequilibrium (LD) with the FADS region (e.g. rs174537) can directly impact levels of 

tissue and circulating omega-3 and omega-6 fatty acids, which we postulated may also 

contribute to the variability in response to such diets. In this study, we describe for the 

first time SNP-diet interactions impacting patient responses to PUFA-enriched diets in an 

ARDS cohort. We show that 1) the omega-oil diet significantly impacts circulating fatty 

acid levels, urinary F3-isoproastane levels, and clinical outcomes; some more 

disproportionately in African Americans, 2) genotype at rs174537 is significantly 

associated with ARA/DGLA ratios; particularly in Caucasians, and that 3) there is some 

indication of SNP-diet interactions on DHA and levels of both F2 and F3 isoprostanes; 

only the impact on DHA in African Americans remained statistically significant after we 

made an adjustment for multiple comparisons. Larger studies are needed to evaluate the 

impact of rs174537 and other relevant genetic variants influencing fatty acid metabolism. 

To the best of our knowledge, this is the first study assessing potential SNP-diet 

interactions impacting the patient response to PUFA-enriched diets in critically ill patients 

with ARDS. 

In this study, major allele carriers (i.e. GG) at rs174537 displayed the highest 

ARA/DGLA ratios at all time points, particularly in Caucasians, implying fast and efficient 

FADS1 enzymatic activity (also known as Δ5 desaturase activity). However, this did not 



 54 
 

translate to significantly different levels of ARA by genotype. One explanation for this 

finding is the high amount of GLA given to those randomized to the omega-oil diet group. 

When GLA is given in the diet, it is metabolized into DGLA which can cause a bottleneck 

effect at the FADS1 step in T-allele carriers as they are unable to efficiently metabolize 

excess DGLA into ARA. Further, the high dose of both GLA and EPA could impact the 

FADS1 activity, ultimately causing circulating ARA levels to remain low. In a study of 

healthy adults given 3g/day of fish oil supplements for 6 weeks, minor allele carriers at 

rs174546, which is in high LD with rs174537 (r2=0.978), had the smallest change in Δ5 

desaturase activity after 6-weeks of fish oil supplementation (32).  Though it is clear that 

this SNP impacts FADS1 activity, more information is needed to better understand how 

diet modulates its activity.  

In our smaller African American subset, we observed a significant SNP-diet 

interaction effect on DHA levels even after correcting for multiple comparisons. African 

American T-allele carriers (i.e. GT/TT) on placebo displayed elevated levels of circulating 

DHA, comparable to those receiving the omega-oil diet. This observation reveals a 

potential confounding factor from the original OMEGA trial. Not only were baseline DHA 

levels higher in this subset, but our secondary analysis reveals dramatic differences 

between races.  

To date, reports addressing the relative benefit of omega-3 fatty acid-enriched 

diets in ARDS patients have focused primarily on clinical outcomes like VENT-free and 

ICU-free days. However, the sole reliance on clinical outcomes fails to highlight PUFA-

related biochemical pathways, mechanisms by which omega-3 and omega-6 fatty acids 

modulate inflammation, and biological targets worth investigating. In this study, we 
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observed that individuals on the omega-oil diet had significantly elevated levels of EPA-

derived urinary metabolite F3-isoprostane, with the T-allele carriers generally displaying 

the highest levels. This effect was consistently observed in both Caucasian and African 

American subjects. The excretion of EPA-derived metabolites raises a question about the 

dosing of EPA within the diet and how it may potentially provide immunomodulatory 

benefit. Additionally, we observed that individuals receiving the omega-oil diet generally 

had lower levels of ARA-derived inflammatory markers (based on unadjusted p-values 

for multiple comparison). However, larger studies are needed to evaluate this effect more 

fully.  

While the current study did not measure prostaglandins, thromboxanes, or 

leukotrienes other than LTE4, other studies have observed associations between 

rs174537 and the generation of several eicosanoids including LTB4 and 5-HETE, two 

pro-inflammatory eicosanoids which were elevated in Caucasian major allele carriers 

(24). Similarly, other studies have demonstrated strong associations between major allele 

carriers of rs174537 and elevated 8-epi--F2α levels (25, 33). Considering the strong 

allele-specific associations that have been uncovered between major allele carriers of 

rs174537 and elevated ARA levels, it is plausible that the increase in ARA-derived 

eicosanoids is a result of an increased metabolic capacity to metabolize omega-6 fatty 

acids towards pro-inflammatory mediators of inflammation. To date, few studies have 

highlighted potential associations between rs174537 and omega-3 fatty acids (34). It 

would be interesting to see if rs174537, and other related SNPs, impact the production of 

omega-3-derived lipid mediators and consequently modulate inflammatory processes 

(35, 36).   
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 Despite observing significant diet, genotype and SNP-diet interactions on the 

circulating PUFAs and inflammatory biomarkers, we did not detect any significant 

differences in patient outcomes, including pulmonary functional metrics, VENT-free days, 

ICU-free days, or mortality. The worse mortality rates were observed in the African 

American T-allele carriers (i.e. GT/TT) receiving the omega-oil diet. While we were unable 

to detect statistically significant differences between genotype and diet groups, larger 

studies are necessary to confirm these trends.  

While this secondary analysis of the OMEGA trial has revealed potentially 

important targets involving SNP-diet interactions on fatty acid metabolism and 

inflammation, there are a few limitations worth noting. First, we acknowledge that sample 

size was relatively small, particularly in the African American subset since we had to 

stratify our analyses by both race and genotype. Additional studies are needed to 

investigate the impact of this SNP and others within the FADS region in larger ethnic 

populations and to confirm the SNP and racial effects we observed in this study. Further, 

the OMEGA trial only provided self-reported race. Larger studies, potentially with 

ancestral markers, are needed to further delineate the effects of rs174537 and other 

genetic variants on PUFA-rich diets. Second, we acknowledge that the carbohydrate and 

protein composition of the randomized diets were also different and may have influenced 

patient outcomes. However, disentangling the interdependencies among the nutritional 

components of the diet is beyond the scope of our current study. Third, we initially focused 

on SNP rs174537, but there is a need to perform a comprehensive scan of all relevant 

FADS and ELOVL SNPs to identify which genetic variants most strongly impact PUFA 

metabolism and inflammation in the context of ARDS. Fourth, this study only focused on 
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three major urinary inflammatory biomarkers, which were measured in the original 

OMEGA trial. Other key inflammatory markers that could be evaluated for SNP-diet 

interactions in the future include plasma cytokines, PUFA-derived eicosanoids, and 

specialized pro-resolving lipid mediators, which can be altered by fatty acids obtained 

from the diet. Lastly, we could not assess epigenetic changes to FADS and ELOVL genes 

because DNA was only collected at baseline (i.e. day 0). Future studies could benefit 

from investigating genetic and epigenetic regulation of these genes in response to dietary 

fish oil supplements. Despite these limitations, this study is the first to report potential 

SNP-diet interactions impacting fatty acid metabolism and inflammation in ARDS patients. 

We show some promising evidence that rs174537 and potentially other SNPs in high 

linkage disequilibrium could play an important role on the subsequent inflammation 

following lung injury in ARDS patients.  

 

Conclusions 

In this study we evaluated the impact of rs174537 on the response to diets 

enriched in omega oil by performing a secondary data analysis of the OMEGA trial. We 

observed significant SNP-diet interactions on circulating DHA levels, within African 

Americans. Caucasian GGs consistently had higher ARA/DGLA ratios at all time points. 

Both races receiving the omega-oil diet demonstrated elevated levels of EPA-derived 

urinary F3-Isoprostane compared to placebo, but this did not translate to improved patient 

outcomes. Our secondary data analysis reveals the importance of FADS related genetic 

variants and race on circulating PUFA levels, particularly DHA. In addition, rs174537 was 

significantly associated with higher levels of urinary inflammatory markers, particularly in 
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African Americans receiving the omega-oil diet. A “one size fits all” approach to PUFA 

supplementation may not be appropriate for human populations (34). Future studies 

should investigate other FADS and ELOVL genetic variants to identify more precisely 

which patient populations and racial groups might benefit from adjuvant omega-3 

enriched diets to reduce inflammation and improve outcomes following acute lung injury.   
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Abstract 

Background: The use of immunomodulatory diets rich in polyunsaturated fatty acids 

(PUFAs) like -linolenic acid (GLA), eicosapentaenoic acid (EPA), and docosahexaenoic 

acid (DHA) remain controversial among patients with acute respiratory distress syndrome 

(ARDS). Given that fatty acid desaturase (FADS) enzymatic activity is considered the 

rate-limiting step for PUFA metabolism, we postulate that genetic variants within the 

FADS haplotype block on chromosome 11 may not only impact PUFA metabolism but 

also contribute to the heterogeneous response to PUFA-rich diets in humans.  

Objective: In this study, we aimed to take a deeper look at the effects of genetic variants 

within the FADS haplotype block on chromosome 11 (beyond rs174537) on the response 

to PUFA-rich diets.  

Design: We performed a secondary analysis of the OMEGA trial (NCT00609180) where 

129 subjects received control and 143 received omega-oil diets enriched with GLA, EPA 

and DHA. Genotypes at 20 FADS, 2 MYRF, and 2 TMEM258 variants were determined 

using DNA extracted from buffy coats; an additional 5 SNPs were imputed. Plasma was 

used to quantitate PUFA levels, urine was used to quantify F2- and F3-isoprostanes. We 

tested for SNP-diet interactions on circulating PUFA levels, inflammatory biomarkers, and 

clinical outcomes. Accounting for multiple comparisons, a p-value≤0.003 was considered 

to be statistically significant. 

Results: All individuals receiving omega-oil, displayed significantly higher levels of GLA, 

EPA, and DHA (Diet effect: p<0.0001), but these levels did not vary by any of quantitated 

genotypes. We did not detect any statistically significant SNP-diet interactions on the any 

of circulating PUFA levels, but rather strong diet group effects. However, African 
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Americans carrying the A allele at MYRF SNP rs174532 or the T allele at FADS2 SNP 

rs174602 displayed significantly higher GLA/LA ratios, indicative of Δ6 desaturase activity 

at baseline (SNP effect: p<0.0001). Interactions between the omega-oil diet and 

enhanced Δ6 desaturase activity (i.e. GLA/LA ratio) at baseline were also associated with 

more mechanical ventilation (p=0.0023). Additionally, African American minor allele 

carriers at rs498793 and rs174448 had fewer coagulation (SNP-diet p<0.0001) and 

hepatic (SNP-diet p<0.0001) failure-free days if they received the omega-oil diet. Lastly, 

FADS3 SNP, rs174448 was associated with elevated F2-Isoprostane levels in Caucasian 

Americans (SNP effect: p=0.0017) and impaired coagulation and hepatic function in 

African Americans receiving the omega oil diet (SNP-diet interaction p<0.0001). 

Conclusions: We identified four SNPs, rs174532 (MYRF), rs174602 (FADS2), rs498793 

(FADS2), and rs174448 (FADS3), within the FADS haplotype block associated with 

enhanced Δ6 desaturase activity, elevated levels of urinary F2-isoprostane, and adverse 

clinical outcomes. Further investigations in larger multi-ethnic cohorts are needed to 

evaluate the mechanistic impact of these SNPs on differential fatty acid metabolism and 

inflammation in ARDS patients.  
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Introduction 

Acute inflammation is a normal and necessary process that occurs after vascular and 

cellular injury. In many respiratory diseases, acute inflammation activates and mobilizes 

a host inflammatory response where immune cells repair damaged tissue and resolve 

inflammation in the lung (1). In pulmonary disorders like acute respiratory distress 

syndrome (ARDS), which is an acute diffuse inflammatory lung injury associated with 

increased pulmonary vascular permeability, increased lung weight, loss of aerated lung 

tissue, and significantly reduced lung compliance; macrophages with M1 phenotype 

release pro-inflammatory cytokines like tumor necrosis factor (TNF-α) while neutrophils 

invade the intra-alveolar space, resulting in an increase in reactive oxygen species 

(ROS), leukotrienes (e.g. LTB4), prostaglandins (e.g. PGE2), and matrix 

metalloproteases (MMPs). Approximately 24-48 hours after the initial injury, 

macrophages adopt a M2 phenotype, allowing them to stimulate the release of anti-

inflammatory cytokines and interleukins (2, 3), neutrophils begin to undergo apoptosis 

(4), and fibroblasts begin to deposit new tissue and assist with vascular and tissue 

remodeling (5). This inflammatory response is also observed in several other pulmonary 

disorders, including, asthma, cystic fibrosis, chronic obstructive pulmonary disease, 

pneumonitis, and most recently coronavirus 2019 (COVID-19), (6, 7). If not tightly 

regulated, the immune response governing acute inflammation during respiratory illness 

can lead to chronic inflammation, putting the patient at increased risk for other co-

morbidities and mortality. Therefore, there is a need for improved therapies to regulate 

this complex immunologic response. Nutritional approaches using immunomodulatory 
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omega-3 fatty acids have emerged as a potential adjuvant treatment for critically ill 

patients, including those with ARDS (8, 9).  

Omega-3 polyunsaturated fatty acids (PUFAs) like eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) have potent anti-inflammatory properties and have been 

shown to reduce pulmonary inflammation and improve lung function in cell culture and 

animal studies. As a result, EPA and DHA have been used in a number of clinical studies 

involving critically ill and mechanically ventilated patients, though their 

immunomodulatory effects present highly heterogeneous results in humans (10). This 

variability in patient responses to PUFA-enriched diets can be partially explained by the 

lack of standardized nutritional formulations, dosing recommendations, and 

administration strategies for critically ill patients (11). A systematic review and meta-

analysis of several clinical trials was performed by Zanten et al., and revealed that 

additional studies focusing on intermediate patient outcomes and an individuals' unique 

immunologic response to PUFA-enriched diets may provide more evidence for enteral 

fish oil supplementation in critically ill patients (12). Interestingly, there is a growing body 

of evidence suggesting that the metabolism of PUFA-enriched diets could be influenced 

by genetic variants found within the fatty acid desaturase (FADS) gene on chromosome 

11; The FADS1 and FADS2 genes encode the delta 5 (∆5) and delta 6 (∆6) desaturase 

enzymes, respectively, that are considered the main rate-limiting steps of the PUFA 

metabolic pathway. As a result, new strategies have emerged to help identify patients 

who are more likely to benefit from immunomodulatory diets based on their genetic code 

(13-15). 
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It was previously believed that desaturase activity was slow and relatively equal 

across populations, such that all individuals had the same capacity to metabolize 

essential fatty acids into long chain PUFAs.  However, over the past decade several 

studies have shown that genetic variants located within the FADS gene region, within the 

same haplotype block on chromosome 11, spanning from approximately 46,023,203-

96,947,023 (size:50,923,821 bases), are associated with various lipid phenotypes (16), 

altered desaturase activity (17-19), and may contribute to differential rates of PUFA 

biosynthesis and metabolism, allowing some individuals to metabolize essential fatty 

acids and long chain PUFAs more efficiently (20-22).  Interestingly, this haplotype block 

spans across not only FADS1, FADS2 and FADS3 genes, but also the Myelin Regulatory 

Factor (MYRF) gene (GRCh38/hg38; ~36,000 bases; chr11:61,752,617-61,788,518) and 

the Transmembrane Protein 258 (TMEM258) gene (GRCh38/hg38; ~24,000 bases; 

chr11:61,768,501-61,792,802). Single nucleotide polymorphism (SNP) rs174537, which 

is located within a 300-kb haplotype block in the FADS region (GRCh38/hg38; 

chr11:61467097–61759006), shows evidence of positive selection in African ancestry 

populations where genotype is nearly fixed compared to non-African ancestry groups 

(23). The major allele (i.e. G) is associated with enhanced PUFA metabolism and is 

present at a much higher frequency in African Ancestry populations. Studies have shown 

that there is a positive correlation between rs174537, FADS1 expression (24), and 

surrogate measures of FADS1 activity (i.e. ARA/DGLA ratio) (25, 26). In addition, our 

group has also shown that individuals homozygous with the major allele at rs174537 (i.e. 

GG) not only display increased levels of arachidonic acid (ARA), but also elevated levels 

of inflammatory biomarkers compared to minor allele carriers (i.e. GT/TT genotypes) (27-
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29). These findings varied by race and therefore highlight the importance of metabolic 

and biologic consequences of FADS genetic diversity.  

Given this growing body of evidence implicating a potential role for SNP-diet 

interactions, we postulate that SNPs within the FADS haplotype block could help explain 

the variability in human responses to PUFA-rich diets. We previously showed that 

rs174537 was associated with differential rates of baseline delta 5 desaturase activity, as 

indicated by the ARA/DGLA ratio. rs174537 was also associated with the production of 

PUFA-derived inflammatory mediators, with African American minor allele carriers  

(i.e. GT/TT) displaying higher levels of DHA and lower levels of F2-Isoprostane, F3-

isoprostane, and Series 4 Leukotriene (LTE4), as detailed in Chapter II (15). Differences 

in DHA levels within the African American subjects, however, were largely the result of 

baseline differences that persisted over time. Given that rs174537 was not significantly 

associated with any of the circulating PUFAs, we aimed to perform a more comprehensive 

study to investigate SNPs encompassing the FADS, MYRF, and TMEM258 genes to 

determine if any SNPs within this region could explain the variation in response to PUFA-

enriched diets. We hypothesized that genetic variants located within the FADS haplotype 

block would impact circulating levels of fatty acids, and consequently explain the variation 

in response to diet and downstream inflammatory, pulmonary, and clinical outcomes in 

ARDS patients.  

 

Materials and Methods 

Study Population: Funded by the National Heart, Lung, and Blood Institute (NHLBI) and 

led by the Acute Respiratory Distress Syndrome (ARDS) Network, the OMEGA clinical 
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trial set out to observe the effects of a twice-daily enteral supplementation of omega-3 

fatty acids EPA, DHA, and omega-6 γ-linolenic acid (GLA), and antioxidants in a group of 

272 ARDS patients (NCT#00609180).  Participants were between 18 and 89 years of age 

and were within 48 hours of developing acute lung injury requiring mechanical ventilation. 

Of the 272 patients enrolled, 143 were randomized to receive an omega-oil diet 

(OXEPA®, Abbott Nutrition) containing EPA, DHA, and GLA, plus antioxidants while 129 

were set to receive an isocaloric control diet. The complete study design for the 

randomized control trial is described in detail by Rice et al. (30). Plasma and urine 

samples were collected at 0, 3, 6, and 12 days post-randomization and frozen at -70°C 

for further analysis. Patient demographics, vital signs, pulmonary functional metrics (e.g. 

PaO2/FiO2 and positive end expiratory pressure), and clinical outcomes were also 

documented and compiled into a single database maintained by BioLINCC. Under an 

approved IRB (IRB#00035109) and material transfer agreement, plasma and DNA 

samples and data from the OMEGA trial were shipped to Wake Forest for the purpose of 

this secondary data analysis. 

 

Genotyping: We successfully genotyped a total of 240 individuals from the OMEGA 

clinical trial (n=174 Caucasian, n=40 African American, n=26 other race) using 24 custom 

assays designed for the Agena genotyping system and processed by the University of 

Minnesota Genotyping Center. Using the current reference for 1000 Genomes (i.e. 

GRCh38), we imputed genotypes at 5 SNPs (i.e. FADS1 SNPs rs174546 and rs174556, 

FADS2 SNPs rs1535 and rs174576, and TMEM258 SNP rs102275), which were all in 

perfect linkage disequilibrium (D’=1) in European (i.e. CEU; Utah residents from North 
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and West Europe) and African (i.e. YRI; Nigerians from the Yoruba tribe in West, Africa) 

ancestral populations. Genotype calling was used to quantitate genotypes at 24 additional 

SNPs spanning the FADS, MYRF, and TMEM258 regions located on chromosome 11. 

All DNA samples were checked for quality control using a non-allelic real-time polymerase 

chain reaction and standard Taqman probe. HapMap phase 3 individuals from European 

and African ancestry were used as anchoring populations (CEU: Northern and Western 

European ancestry in Utah, US and YRI: African ancestry in Yoruba Ibadan, Nigeria) to 

test for Hardy-Weinberg equilibrium. All SNPs had a call rate of at least 90% and 1 SNP 

(i.e. rs7935946) deviated from HWE (p=0.032; Table 3.1). Upon closer inspection, 

however, we decided to keep this SNP for further analysis because the observed versus 

expected minor allele frequency (MAF) was unjustly inflating the chi-square statistic 

(Observed MAF=2 versus Expected MAF=0.5). Localization of these SNPs on 

chromosome 11 is illustrated in Supplemental Figure 3.1 and their patterns of linkage 

disequilibrium is illustrated in Supplemental Figure 3.2.  

 

Fatty Acid Quantification: Fatty acid methyl esters (FAME) were prepared from banked 

OMEGA trial plasma samples (n=181) collected at 0, 3, and 6 days post-randomization 

using a modified protocol developed by Metcalfe et al. as previously described (31). 

Briefly, total fatty acids were prepared in duplicate plasma samples of 100uL and then 

saponified from complex lipids and converted to methyl esters in the presence of 100ug 

of triheptadecanoic internal standard (TAG of C17:0; Nu-Chek Prep; Elysian, MN). Fatty 

acids were analyzed on an Agilent J&W DB-23 column (30 m · 0.25 mm ID, film thickness 

0.25 mm) using an HP 7890 GC-FID (Agilent Technologies, Inc., Santa Clara, CA). An 



 74 
 

average of 26 peaks were routinely identified, which accounted for about 99% of the total 

fatty acid content per sample. Fatty acid data are presented as the mean percentage of 

total fatty acids in the samples.  

 

Urinary biomarkers: Urine was collected at days 0 and 6 post-randomization in a subset 

of 144 subjects from the OMEGA trial. Urinary series 4 leukotrienes (i.e. LTE4) were 

previously quantified under the original study design, using ultra-performance liquid 

chromatography followed by electrospray ionization-mass spectrometry (30). F-series 

isoprostanes (i.e. F2 and F3) were quantified by using thin-layer chromatography followed 

by gas chromatography mass spectrometry. These urinary inflammatory biomarkers were 

normalized to creatinine (Cr) levels.  

 

Statistical Analyses: A principal component analysis was used to identify both the 

shared and independent sources of variation in the dataset. To estimate potential SNP-

diet interactions and their effects on intermediate biomarkers (e.g. PUFAs, inflammation) 

and pulmonary outcomes (e.g. ratio of partial pressure of arterial oxygen to fraction of 

inspired oxygen (PaO2/FiO2) and positive end expiratory pressure (PEEP)), a dominant 

mixed linear model containing a SNP-diet interaction was developed. Diet, genotype, and 

gender were coded as binary variables and time was treated as an equally spaced ordinal 

variable in the model. If the SNP-diet interaction was not statistically significant, a 

dominant mixed linear model without the SNP-diet interaction term was performed to 

assess the main effects of genotype and diet on each outcome of interest. A Tobit 

regression model was used to evaluate the impact of genotype and diet on primary clinical 
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outcomes (i.e. ventilator-free and intensive care unit (ICU)-free days). Mortality at 30, 60, 

and 90-days was evaluated using a Cox proportional hazard regression model. 

Secondary clinical outcomes including coagulation failure-free days, cardiovascular 

failure-free days, hepatic failure-free days, renal failure-free days, and organ failure-free 

days were also assessed using similar methods. All models were stratified by race, 

adjusted for age and gender, and exploited an autoregressive correlation matrix to 

account for repeated measures. Based on the number of SNPs tested and multiple 

comparisons, a Bonferroni correction was applied such that a p-value  0.003 was 

deemed statistically significant. For regression models void of SNP data, a p-value ≤ 

0.006 was considered statistically significant. All statistical analyses were performed in 

SAS (v9.4, Cary, NC, USA). 
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Table 3.1. Genetic variants in the FADS, MYRF, and TMEM258 gene clusters. A total 
of 214 (i.e. n=174 Caucasian and n=40 African American) individuals were successfully 
genotyped in FADS, MYRF, and TMEM258 genes using both imputation methods (n=5 
SNPs) and genotype calling (n=24 SNPs).  The listed SNPs had a call rate of at least 
90% and 1 SNP deviated from Hardy-Weinberg equilibrium. This SNP was kept for further 
analysis because the observed versus expected minor allele frequency (MAF) was 
unjustly inflating the chi-square statistic (i.e. rs7935946; Observed MAF=2 versus 
Expected MAF=0.5; chi-square=4.6041; p-value=0.0319). SNPs denoted with an asterisk 
were imputed from the ALFA project using aggregate allele frequencies from dbGaP.  

Gene SNP Chromosome Position (GRCh37) Call rate 

FADS1 rs509360 11p13 61548559 99.70% 

MYRF rs174532 11p13 61548874 100.00% 

MYRF rs17762402 11p13 61553201 100.00% 

TMEM258 *rs102275 11p13 61557803 Imputed 

TMEM258 rs740006 11p13 61557868 99.40% 

TMEM258 rs412334 11p13 61560261 99.70% 

FADS1 *rs174546 11p13 61569830 Imputed 

FADS1 *rs174556 11p13 61580635 Imputed 

FADS2 rs12807005 11p13 61591059 99.70% 

FADS2 rs174570 11p13 61597212 100.00% 

FADS2 *rs1535 11p13 61597972 Imputed 

FADS2 rs2845573 11p13 61601908 100.00% 

FADS2 *rs174576 11p13 61603510 Imputed 

FADS2 rs2072114 11p13 61605215 100.00% 

FADS2 rs174579 11p13 61605613 99.10% 

FADS2 rs7935946 11p13 61615542 100.00% 

FADS2 rs174602 11p13 61624414 100.00% 

FADS2 rs498793 11p13 61624705 99.70% 

FADS2 rs526126 11p13 61624885 100.00% 

FADS2 rs174611 11p13 61627881 100.00% 

FADS2 rs174616 11p13 61629122 98.80% 

FADS2 rs482548 11p13 61633182 99.70% 

FADS2 rs17831757 11p13 61635200 96.60% 

Between FADS2 and FADS3 (~3K BP 
upstream FADS2 and ~4K BP 

upstream FADS3) 
rs174627 11p13 61637466 99.10% 

~2K BP upstream FADS3 rs174448 11p13 61639573 99.10% 

FADS3 rs7942717 11p13 61647288 100.00% 

FADS3 rs7394871 11p13 61652514 99.70% 

FADS3 rs174456 11p13 61656182 100.00% 

~4k BP downstream FADS3 rs174468 11p13 61663691 100.00% 
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Supplemental figure 3.1. Localization of FADS, MYRF, and TMEM258 variants on 
chromosome 11. Locus zoom plots were generated in order to illustrate genetic variants 
in the FADS haplotype block used for this analysis. 
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Supplemental Figure 3.2. Patterns of linkage disequilibrium of FADS, MYRF, and 
TMEM258 variants in Caucasian and African Americans. Linkage disequilibrium of 30 
SNPs across chromosome 11 in European (CEU) and African Ancestral (YRI) populations 
were visualized using the National Institute of Health’s LD matrix tool. Darker shades of 
blue represent higher D’ values and darker shades of red represent higher R2 values.  
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Results 

No statistically significant SNP-diet interactions impacting circulating PUFA levels 

In this study, we set out to first identify SNP-diet interactions impacting circulating 

levels of long chain omega-3 (i.e. EPA, DPA, DHA) and omega-6 (i.e. GLA, DGLA, ARA) 

fatty acids. After adjusting for multiple comparisons, we did not observe any statistically 

significant SNP-diet interactions impacting any of these PUFA levels; only diet had a 

significant impact over time. Considering the main effects of each SNP on circulating 

PUFA levels, none met the Bonferroni adjusted p-value of ≤ 0.003, but 8 had a p≤0.05, 

suggesting that perhaps the data is inconclusive regarding the SNP effects in our 

relatively small study cohort. (Figure 3.1). Of these 8 SNPs, 4 SNPs exhibited potentially 

strong trends relating to DHA (rs174616 β=0.23, p=0.02; rs7394871 β=1.10, p=0.04; 

rs17831757 β=-0.64, p=0.03) and EPA (rs482548 EPA β=0.16, p=0.01) levels. The diet 

intervention group consistently had a statistically significant effect on circulating levels of 

PUFAs, with individuals receiving the omega-oil diet displaying significantly higher levels 

of GLA, EPA and DHA compared to those on the control diet, as to be expected. 

Interestingly, circulating ARA levels were not significantly different between diet groups 

(Caucasian Americans: β=-0.49, p=0.55; African Americans β=0.03; p=0.85). 
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Figure 3.1. Genetic variants from FADS haplotype block region were not 
significantly associated with circulating fatty acids in OMEGA trial.  
Banked OMEGA trial plasma samples (n=181) collected at 0, 3, and 6 days post-
randomization were used to quantify circulating plasma fatty acids via gas 
chromatography mass spectrometry. A mixed linear model with an autoregressive 
covariance structure was stratified by race and adjusted for age and gender in order to 
estimate the additive effects of diet and genotype at FADS variants on circulating levels 
of omega-3 (i.e. EPA, DPA, and DHA) and omega-6 (i.e. GLA, DGLA, and ARA) fatty 
acids over time. Fatty acid variables, expressed as the mean percentage of total fatty 
acids found in each plasma sample, were transformed to meet the linear regression 
assumptions of normality. Differences in circulating fatty acid levels between diet and 
genotype groups were assessed using a dominant genotype model (i.e. homozygous 
dominant=0, heterozygous/homozygous recessive=1) and considered statistically 
significant if p≤0.003. After correcting for multiple comparisons, we did not observe any 
statistically significant SNP effects impacting circulating PUFA levels in Caucasian 
(Figure 1A) or African Americans (Figure 1B). Black regions on the heatmap indicate 
instances where the observed genotype frequency were fixed to one genotype, therefore, 
not allowing us to test SNP effects.  
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Significant SNP effects impacting PUFA ratios related to desaturase activity 

 Given the key role Δ5 and Δ6 desaturase enzymes play in PUFA synthesis and 

metabolism, we wanted to determine the impact of the genetic variants on PUFA ratios, 

particularly those representing the Δ5 and Δ6 desaturase steps (i.e. ARA/DGLA and 

GLA/LA, respectively). Using a mixed linear model that was stratified by race and 

adjusted for age and gender, we observed strong associations between MYRF SNP 

rs174532, FADS2 SNP rs174602, and Δ6 desaturase activity. African Americans carrying 

the minor allele at MYRF SNP rs174532 (i.e. GA/AA) or homozygous with the major allele 

at FADS2 SNP rs174602 (i.e. TT) displayed higher GLA/LA ratios at baseline, suggesting 

increased Δ6 desaturase activity (Figures 3.2 and 3.3). We also observed significant 

associations between FADS2 SNP rs174627 and ARA/DGLA ratios in African Americans. 

Individuals carrying the minor allele A (i.e. GA/AA) had elevated ARA/DGLA ratios at 

baseline (Figure 3.4). Overall, this enhanced metabolic capacity to convert precursor 

omega-6 fatty acids to their respective fatty acid products, based on genotype, was not 

detected in Caucasians. Additionally, once subjects were exposed to the omega-oil diet, 

by days 3 and 6, these SNP effects were no longer significant.  
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Figure 3.2. Baseline GLA/LA ratios are higher in African American minor allele 
carriers at MYRF SNP rs174532. A mixed linear model with an autoregressive 
covariance structure was stratified by race and adjusted for age and gender in order to 
estimate the interactive and additive effects of diet and genotype at FADS variants on 
surrogate measures of Δ6 desaturase activity (i.e. GLA/LA ratio). GLA and LA variables 
were first transformed to meet the linear regression assumptions of normality. Differences 
in GLA/LA ratios between diet and genotype groups were assessed using a dominant 
genotype model (i.e. GG=0 vs GA/AA=1) and considered statistically significant if 
p≤0.003. After Bonferroni adjustments for multiple comparisons, we observed a 
significant SNP-diet interaction impacting baseline GLA/LA levels in African Americans 
(p<0.0001; Figure 2D), but not in Caucasian Americans (p=0.7105; Figure 2A). Overtime, 
individuals receiving the omega-oil diet had significantly higher GLA/LA ratios compared 
to those receiving the control diet (Caucasian Americans: p<0.0001; Figures 2B-C, 
African Americans: p<0.001; Figures 2E-F).  
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Figure 3.3. Baseline GLA/LA ratios are higher in African American major allele 
carriers at FADS2 SNP rs174602. A mixed linear model with an autoregressive 
covariance structure was stratified by race and adjusted for age and gender in order to 
estimate the interactive and additive effects of diet and genotype at FADS variants on 
surrogate measures of Δ6 desaturase activity (i.e. GLA/LA ratio). GLA and LA variables 
were first transformed to meet the linear regression assumptions of normality. Differences 
in GLA/LA ratios between diet and genotype groups were assessed using a dominant 
genotype model (i.e. TT=0 vs TC/CC=1) and considered statistically significant if p≤0.003. 
After Bonferroni adjustments for multiple comparisons, we observed a significant SNP-
diet interaction impacting baseline GLA/LA levels in African Americans (p=0.0001; Figure 
3D), but not in Caucasian Americans (p=0.8728; Figure 3A). Overtime, individuals 
receiving the PUFA enriched diet had significantly higher GLA/LA ratios compared to 
those on control (Caucasian Americans: p<0.0001; Figures 3B-C, African Americans: 
p<0.001; Figures 3E-F). 
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Figure 3.4. Baseline ARA/DGLA ratios are higher in African American minor allele 
carriers at FADS2 SNP rs174627. A mixed linear model with an autoregressive 
covariance structure was stratified by race and adjusted for age and gender in order to 
estimate the interactive and additive effects of diet and genotype at FADS variants on 
surrogate measures of Δ5 desaturase activity (i.e. ARA/DGLA ratio). ARA and DGLA 
variables were first transformed to meet the linear regression assumptions of normality. 
Differences in ARA/DGLA ratios between diet and genotype groups were assessed using 
a dominant genotype model (i.e. GG=0 vs GA/AA=1) and considered statistically 
significant if p≤0.003. After Bonferroni adjustments for multiple comparisons, we did not 
observe any statistically significant SNP-diet interaction impacting ARA/DGLA levels in 
Caucasian (Figures 4A-C) or in African Americans (Figures 4D-F). We did, however, 
observe potential trends that would suggest that African American minor allele carriers 
have marginally higher ARA/DGLA levels at baseline (p=0.0054; Figure 4D).  
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ARA/DGLA and GLA/LA ratios are associated with VENT-free days in African 

American ARDS patients  

 Next, we proposed to evaluate potential interactions between baseline differences 

in desaturase activity and diet, and if this interaction could be associated with patient 

outcomes. We observed significant associations between surrogate measures of 

desaturase activity and clinical outcomes in African Americans (Figure 3.5). Our data 

suggests that higher baseline GLA/LA ratios are associated with fewer VENT-free days 

in African Americans receiving the omega-oil diet (β=-20.543 ± 6.73; p=0.0023). However, 

African Americans receiving the omega-oil diet who have higher baseline ARA/DGLA 

ratios trended towards having more VENT-free days (β=27.653217; p=0.0175), 

suggesting better clinical outcomes with increased ARA/DGLA ratios at baseline. This 

data suggest that baseline desaturase activity is associated with clinical outcomes, 

particularly in African Americans. It is interesting to note that we observed inverse 

relations between Δ5 and Δ6 desaturase activity and clinical outcomes; increased Δ5 

desaturase activity (as indicated by ARA/DGLA ratio) was associated with improved 

outcomes, whereas increased Δ6 desaturase activity (i.e. GLA/LA ratio) was associated 

with worse clinical outcomes, both effects were slightly modified by the omega-oil diet.  

However, we did not observe any statistically significant associations between baseline 

ARA/DGLA and GLA/LA status with ARDS clinical outcomes in Caucasian Americans, 

suggesting a potential health disparity based on racial/ethnic background.  
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Figure 3.5. ARA/DGLA and GLA/LA ratios are associated with VENT-free days in 
African American ARDS patients. The OMEGA trial defined ventilator-free (VENT-free) 
days as the number of days without mechanical ventilation in the intensive care unit (ICU), 
where a value of zero could mean zero days without liberation from mechanical ventilation 
or death prior to 90 days – both considered to be poor outcomes. In this study, a Tobit 
model stratified by race and adjusted for age and gender was used to estimate interactive 
and additive effects of diet and surrogate measures of Δ5 and Δ6 desaturase activity (i.e. 
ARA/DGLA and GLA/LA, respectively) on clinical outcomes in ARDS patients. In this 
model, ARA/DGLA and GLA/LA were treated as continuous variables and differences 
between diet and genotype groups were considered statistically significant if p≤0.006. 
Using this model, we determined that the effect of the omega-oil diet on VENT-free days 
in African Americans was dependent on baseline GLA/LA levels, as higher GLA/LA was 
associated with fewer VENT-free days (p=0.0023; Figure 5C). Though not statistically 
significant, African Americans displaying higher ARA/DGLA ratios seemed to have more 
VENT-free days if they received the omega-oil diet (p=0.0175; Figure 5D). For 
visualization purposes, baseline ARA/DGLA and GLA/LA status were determined using 
median and interquartile values as cut-off points for low (ARA/DGLA:  2.131-4.766; 
GLA/LA: 0-0.003), medium (ARA/DGLA: 4.767-8.337; GLA/LA: 0.0031-0.010), and high 
(ARA/DGLA: 8.338-22.482; GLA/LA: 0.011-0.034) PUFA ratio percentages.  



 87 
 

rs174448 is associated with urinary inflammatory marker F2-isoprostane  

 A mixed linear model was used to estimate both the interactive and main effects 

of each SNP and diet group on the measured urinary markers of inflammation and 

pulmonary metrics. We did not observe any significant SNP-diet interactions impacting 

pulmonary outcomes in either race. We did, however, observe several SNPs modestly 

associated with inflammation across both races, but, after corrections for multiple 

comparisons, only one SNP remained statistically significant – rs174448. Over time, 

Caucasians homozygous with the major allele (i.e. GG) at rs174448 had elevated F2-

isoprostane (F2-IsoP) levels compared to minor allele carriers (i.e. GA and AA) (Figure 

3.6A). Interestingly, Caucasians GG at rs174448 experienced an increase in F2-IsoP 

levels over time compared to minor allele carriers (i.e. GA/AA) who experienced a 

decrease in F2-IsoP regardless of diet group (Figure 3.6B). These observations were not 

detected in our African American cohort, again suggesting potential racial differences.  
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Figure 3.6. FADS3 SNP rs174448 is associated with urinary inflammatory marker 
F2-isoprostane in Caucasian Americans. Urine samples collected at days 0 and 6 post-
randomization (n=144) were used to quantify urinary biomarkers of inflammation via 
chromatography methods. A mixed linear model with an autoregressive covariance 
structure was stratified by race and adjusted for age and gender in order to estimate the 
interactive and additive effects of diet and genotype at FADS variants on F-series 
isoprostane and series 4 leukotriene overtime. Inflammatory biomarkers were normalized 
to creatinine levels and transformed to meet the linear regression assumptions of 
normality. Differences in inflammation between diet and genotype groups were assessed 
using a dominant genotype model (i.e. GG=0 vs GA/AA=1) and considered statistically 
significant if p≤0.003. After Bonferroni adjustments for multiple comparisons, we observed 
a significant SNP effect impacting F-series isoprostane (F2-IsoP) levels overtime in 
Caucasian Americans (p=0.0017; Figure 6A), but not in African Americans (p=0.8824; 
Figure 6C).  Though not statistically significant according to our Bonferroni adjustment for 
multiple comparisons, the overall net change in F2-IsoP seemed to be marginally 
elevated in major allele carriers (GG) and reduced in minor allele carriers (GA/AA). 
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rs498793 and rs174448 SNP-diet interactions impact coagulation and hepatic 

function in African American ARDS patients  

After testing for potential relationships between PUFA ratios and clinical outcomes, 

a Tobit model was used to determine if the interactions between diet and SNPs located 

within the FADS, MYRF, and TMEM258 gene cluster were associated with primary and 

secondary clinical outcomes in ARDS patients. No significant differences in the primary 

outcomes of VENT-free or ICU-free days were detected by genotype at any SNP. 

However, we did observe significant SNP-diet interactions (p≤0.0001) impacting 

coagulation and hepatic failure-free days in African Americans. In general, minor allele 

carriers at rs498793 (i.e. TC/CC) and rs174448 (i.e. GA/AA) receiving the omega-oil diet 

had fewer coagulation and hepatic failure-free days, suggesting impaired coagulation and 

hepatic function over time in African Americans (Figure 3.7). These effects were only 

statistically significant in our African American cohort and not in Caucasians, further 

revealing potential health disparities.  
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Figure 3.7. rs498793 and rs174448 SNP-diet interactions impact coagulation and 
hepatic function in African American ARDS patients. The OMEGA trial defined 
coagulation failure as having a platelet count less than 80,000 platelets/ul and hepatic 
failure as having bilirubin greater than 2.0 mg/dl. Therefore, higher values for coagulation 
failure-free days and hepatic failure-free days were considered to be optimal. In this study, 
a Tobit model stratified by race and adjusted for age and gender was used to estimate 
interactive and additive effects of diet and genotype at FADS variants on ARDS clinical 
outcomes. Differences in coagulation failure-free days and hepatic failure-free days 
between diet and genotype groups were assessed using a dominant genotype model (i.e. 
homozygous dominant=0 vs heterozygous/homozygous recessive=1) and considered 
statistically significant if p≤0.003. After Bonferroni adjustments for multiple comparisons, 
we observed a significant SNP-diet interaction impacting coagulation and hepatic function 
in African Americans, where minor allele carriers at rs498793 (i.e. TC/CC) and rs174448 
(i.e. GA/AA) receiving the omega-oil diet had fewer coagulation (p<0.0001; Figure 7D) 
and hepatic (p<0.0001; Figures 7E-F) failure-free days, suggesting impaired coagulation 
and hepatic function overtime. 
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rs174602 and rs174532 may impact survival outcomes, particularly in African 

Americans  

 Overall, there were 44 deaths in Caucasian Americans and 10 deaths in African 

Americans 90 days post-randomization. To determine the impact of genotype and diet on 

30-, 60-, and 90-day mortality, we used a Cox proportional hazard model that was 

stratified by race and adjusted for age and gender. FADS2 SNP rs174602 and MYRF 

SNP rs174532, which were both associated with baseline GLA/LA ratios in African 

Americans, displayed similar trends with respect to 30-day mortality across both races 

(Figure 3.8). Across both racial groups, homozygous dominant individuals at FADS2 SNP 

rs174602 (i.e. TT) receiving the omega-oil diet trended towards lower survival (meta-

analysis β=-1.98, p-value=0.025; Figure 3.8C), albeit this did not meet our adjusted p-

value threshold. Nevertheless, this trend suggests that these effects should be further 

investigated in a larger cohort. Additionally, minor alleles carriers at MYRF SNP rs174532 

(i.e. GA/AA) receiving the omega-oil diet also trended towards lower survival (meta-

analysis β=-1.36, p=0.088 Figure 3.8F).  Despite not reaching statistical significance in 

our limited/small study cohort, the reduction in survival was fairly large in African 

Americans, whose survival dropped by at least 40% for major allele carriers at rs174602 

and 10% for minor allele carriers at rs174532, which begs for further investigation in larger 

studies that are better powered to test these effects.  
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Figure 3.8. rs174602 and rs174532 are potentially associated with 30-day mortality 
in Caucasian and African Americans. Mortality at 30-, 60-, and 90-days post 
randomization in the OMEGA trial was evaluated using a Cox proportional hazard 
regression model stratified by race and adjusted for age and gender. Differences in 
mortality between diet and genotype groups were assessed using a dominant genotype 
model (i.e. homozygous dominant=0 vs heterozygous/homozygous recessive=1) and 
considered statistically significant if p≤0.003. Although we did not observe any statistically 
significant differences in mortality according to our Bonferonni adjustments for multiple 
comparisons, we observed trends in 30-day mortality when patients were stratified by 
rs174602 and rs174532. In both Caucasian (Figures 8A and 8D) and African Americans 
(Figures 8B and 8E), these non-significant trends seemed to suggest that individuals 
homozygous with the dominant allele at FADS2 SNP rs174602 (i.e. TT) and with the 
minor allele at MYRF SNP rs174532 (i.e. GA/AA) tend to have lower survival if they 
receive the omega-oil diet (Caucasian and African Americans combined Figures 8C and 
8F).  
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Discussion 

The principal objective of this study was to evaluate the impact of SNPs located within 

the FADS haplotype on chromosome 11 on the response to PUFA-enriched diets and 

patient outcomes in the OMEGA trial. We discovered that 1) the omega-oil diet 

contributed more to the changes in circulating levels of GLA, EPA, and DHA than any 

single SNP, 2) SNPs rs174532 (MYRF), rs174602 (FADS2), and rs174627 (FADS2) were 

associated with altered surrogate measures of ∆5 and ∆6 desaturase activity at baseline,  

3) higher baseline GLA/LA ratios and ARA/DGLA ratios were associated with VENT-free 

days in African Americans, but not Caucasians, 4) rs174448 was associated with urinary 

inflammatory marker F2-isoprostane  in Caucasian Americans, and 5) FADS2 SNP 

rs498793 and FADS3 SNP rs174448 were associated with coagulation and hepatic 

related complications in African Americans. Overall, the biological and clinical outcomes 

associated with these SNPs were drastically different between Caucasian and African 

Americans, highlighting the ethnic-specific differences in FADS and MYRF genetic 

variants and their contributions to variable responses to PUFA-enriched diets.  

The ∆6 desaturase enzyme, encoded by the FADS2 gene, is the rate limiting step in 

the metabolism of the essential omega-6 fatty acid LA into its product GLA. In this study, 

African Americans carrying the A allele at MYRF SNP rs174532 (i.e. GA/AA) or the T 

allele at FADS2 SNP rs174602 (i.e. TT/TC) displayed higher GLA/LA ratios at baseline. 

One possible explanation for this metabolic difference is that the derived haplotype for 

rs174532, rs174602, and other SNPs in high linkage disequilibrium with these SNPs is 

associated with increased metabolic activity and shows evidence of positive selection in 

African ancestry populations where it is nearly fixed compared to non-African ancestry 
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groups (32). It is unclear why the derived allele is more common in African ancestry 

populations, but some studies suggest that the increased synthesis and metabolism of 

PUFAs may be a recent evolutionary trait specifically selected for in African ancestry 

populations whose access and consumption of omega-3 fatty acids may have once been 

limited. Therefore, what was once an important advantage (i.e. the ability to efficiently 

metabolize PUFAs from a diet deficient in omega-3), may now be considered harmful with 

increased omega-6 intake. It is also important to note that the high dose of 5.92g of GLA 

in the omega-oil diet overpowered much of the genotypic effects of rs174532 and 

rs174602 on GLA/LA ratio we observed at baseline. These findings not only highlight 

potentially important differences in basal desaturase activity, but also highlight PUFA-

mediated influences that may confound such findings. In a cross-sectional study 

observing different risk factors associated with cardiovascular disease, Δ5 desaturase 

activity (i.e. FADS1 activity) was highest in individuals of African Caribbean ethnicity, 

suggesting enhanced omega-6 metabolism of ARA from its precursor DGLA. Although 

diet was not mentioned as a potentially confounding factor, this study reinforces important 

variations in desaturase activity across different ethnic groups, particularly as it relates to 

enhanced omega-6 metabolism in African ancestral populations (33). In another study 

investigating the effects of FADS SNPs on desaturase activity, researchers found that 

each copy of the minor allele at FADS2 SNP rs174616 (i.e. G) was associated with a 

step-wise increase in ∆6 desaturase activity (19). In our study, we found that in African 

Americans, rs174616 was significantly associated with DHA/EPA ratios, a metabolic 

process that involves a ∆6 desaturase step (data not shown). Larger more racially diverse 

cohorts are needed to confirm our findings. 
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The primary outcome in the original OMEGA trial was ventilator-free (VENT-free) 

days. In this study, none of the SNPs we tested in the FADS haplotype block displayed a 

statistically significant effect on VENT-free days. We did, however, observe significant 

interactions between baseline desaturase activity and clinical outcomes. African 

Americans with higher GLA/LA levels tended to have fewer VENT-free days if they 

received the omega-oil diet. This means that individuals with higher GLA/LA ratio had 

worse clinical outcomes if given the omega-oil supplement. We believe, however, that the 

elevated GLA/LA ratio observed in African Americans could have been confounded by 

the additional GLA provided in the supplemental diet. One reason why we may have not 

detected a significant SNP-diet interaction here, despite having positive results/trends 

with GLA/LA ratio, is that we still don’t know the functional variant responsible for ∆5 

desaturase activity. Further investigations on identifying the functional variants directly 

regulating ∆5 and ∆6 desaturase activity could unlock the key for tailoring precise diets 

according to an individual’s specific capacity to metabolize its contents. Though the 

specific mechanisms linking enhanced ∆6 desaturase activity to ventilator use is unclear, 

several studies have identified GLA as a critical immunomodulating factor that actively 

displaces ARA from cellular membranes to aid in the suppression of ARA-derived pro-

inflammatory metabolites (34,35). More studies are needed to determine the effect of GLA 

when provided as a supplement (individually and/or with other omega-3 fatty acids). 

PUFA ratios and FADS activity are thought to be predictive of certain comorbidities 

and mortality indexes in humans. In a population-based, prospective study evaluating the 

relationship between fatty acid composition and cardiovascular mortality, higher ∆6 

desaturase activity (i.e. GLA/LA) and lower ∆5 desaturase activity (i.e. ARA/DGLA) were 
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each independently associated with increased cardiovascular-related mortality (37). In 

the present study, MYRF SNP rs174532 and FADS2 SNP rs174602 were strongly 

associated with GLA/LA ratios in African Americans and marginally associated with 30-

day mortality across both races. We have previously shown that minor allele carriers of 

the SNP rs174537 (i.e. GT and TT), which is in perfect linkage with rs174532 and 

rs174602, trended towards lower survival rates compared to major allele carriers (i.e. 

GG), albeit this observation was not statistically significant. Larger studies are needed to 

determine if rs174532 and rs174602 are truly associated with worse outcomes. Though 

the mechanisms governing cardiovascular disease risk and ARDS risk differ, 

dysregulated lipid and inflammatory processes may underline mortality risk in both 

groups.   

In this study, we determined that none of the SNPs we tested in the FADS haplotype 

block explained differential responses to diet directly; but rather influenced some 

inflammatory markers and co-morbidities associated with clinical outcomes. To the best 

of our knowledge, this is the first study identifying SNP-diet interactions involving genetic 

variants in the FADS haplotype block that are associated with differential clinical 

outcomes in patients with ARDS. Though this study highlights important genotypic and 

racial disparities underlying ARDS outcomes, there are several limitations worth noting. 

First, we acknowledge that sample size was relatively small, especially since we had to 

stratify our analyses by both race and genotype. Additional studies in larger ethnic 

populations are needed to investigate the impact of FADS SNPs on response to PUFA 

diets. Second, we focused on three major urinary inflammatory biomarkers. It is likely that 

other PUFA-derived inflammatory molecules like eicosanoids and specialized pro-
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resolving lipid mediators are affected by FADS SNP-diet interactions as well, but this was 

beyond the scope of the current study. Despite these limitations, this study highlights 

potential metabolomic, genomic, and ancestral factors impacting response to PUFA-

enriched diets in critically ill ARDS patients. 

 

Conclusions  

 This study highlights the importance of FADS and FADS-related SNPs in modifying 

responses to immunomodulatory diets containing EPA, DHA, and GLA. In this study, we 

show that rs174602 (FADS2), rs174532 (MYRF), and rs174627 (FADS2) are associated 

with differential surrogate measures of desaturase activity and that these inherent 

differences in PUFA metabolic capacity are associated with ARDS clinical outcomes, 

disproportionately in African Americans.  We also observed rs174602 and rs174532 

trending with mortality, and these effects need to be verified in a larger cohort of ARDS 

patients. Future studies focusing on FADS haplotype genetic variants in racially diverse 

patient populations will enable more strategic methods for identifying individuals who 

would benefit the most from dietary PUFAs for immunomodulation. 
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Abstract 

Background: Diets rich in polyunsaturated fatty acids (PUFAs) like -linolenic acid (GLA), 

eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) are frequently used as 

adjuvant therapy for critically ill patients with acute respiratory distress syndrome (ARDS) 

due to their immunomodulatory effects. However, there is a lack of consistent clinical trial 

level data that shows significant benefit of these diets. We postulate that key SNPs related 

to PUFA metabolism (i.e. SNPs within FADS and ELOVL genes), could potentially explain 

the heterogeneity in human response. We have previously shown that key FADS-related 

SNPs related to PUFA metabolism (i.e. Chapters II and III) explain some of the variation 

in patient outcomes when taking PUFA diets. In this chapter, we proposed to evaluate the 

impact of ELOVL genetic variants on the response to PUFA-rich diets in an ARDS cohort.  

Objective: We aimed to test the effects of ELOVL genetic variants on the biological and 

clinical responses to PUFA-rich diets.  

Design: We performed a secondary analysis of the OMEGA trial (NCT00609180) where 

129 subjects received control and 143 received omega-oil diets enriched in GLA, EPA 

and DHA. DNA was extracted from buffy coats and used to genotype 20 ELOVL SNPs, 

plasma was used to quantitate PUFA levels, and urine was used to measure inflammatory 

markers. We tested for SNP-diet interactions on fatty acid levels, inflammatory 

biomarkers, and ARDS clinical outcomes, stratified by race. To account for multiple 

comparisons, p ≤ 0.004 was defined as statistically significant. 

Results: None of the 20 ELOVL SNPs quantitated in this study directly impacted the 

differential PUFA levels after diet exposure. However, we did observe significant effects 

of these SNPs on patient outcomes. We identified 2 SNPs that were significantly 
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associated with improved intermediate patient outcomes and survival estimates in African 

American ARDS patients: minor allele carriers at ELOVL2 rs4532436 (i.e. CG/GG) and 

ELOVL5 rs1346602 (i.e. CT/TT) had more coagulation and hepatic failure-free days (p ≤ 

0.0001) as well as improved 30-day survival (p=0.0027), respectively. Importantly, these 

genetic variants were not associated with outcomes in Caucasians. Though not 

statistically significant according to our Bonferroni adjusted p-value, we identified 2 

potentially important ELOVL SNPs associated with improved pulmonary metrics and 

survival outcomes across both races: minor allele carriers at ELOVL5 rs2294852 (i.e. 

CG/GG) and ELOVL2 rs2281591 (i.e. AG/GG) displayed strong trends of higher partial 

pressure of oxygen to fractional inspired oxygen ratios (meta-analysis p=0.008) and 60-

day survival estimates (meta-analysis p=0.007), respectively. These need to be 

confirmed in a larger cohort. 

Conclusion: In this study, we identified two ELOVL variants (i.e. rs4532436 and 

rs1346602) associated with fewer hepatic and coagulation complications, and improved 

survival outcomes in ARDS patients of African American race receiving the omega-oil 

diet. Importantly, the effect of these SNPs were different between racial/ethnic groups, 

highlighting potential health disparities in African Americans with ARDS. Further studies 

are needed to fully elucidate the mechanistic role of these ELOVL SNPs in critically ill 

patients. 
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Introduction 

Acute respiratory distress syndrome (ARDS) is a pulmonary disorder caused by a 

number of precipitating factors (e.g. physical trauma, sepsis, pneumonia, aspiration, and 

multiple transfusion) in otherwise healthy individuals and is associated with increased 

pulmonary vascular permeability, increased lung weight, loss of aerated lung tissue, and 

significantly reduced lung compliance (1, 2). The rapid onset and pathogenesis of ARDS 

is also characterized as having damage to the bilateral alveolar-capillary barrier and 

subsequent influx of protein-rich fluid into the alveolar space. Perhaps one of the most 

central factors underlying the progression of ARDS is inflammation, which paradoxically 

also happens to be a necessary part of injury resolution. And while mechanical ventilation 

remains the primary treatment strategy in patients with ARDS, adequate nutritional 

support is also strongly recommended. As such, several clinical trials have tested the 

efficacy of different immunomodulatory diets in ARDS patients, but continue to produce 

inconsistent results (3-6).  

Of the many immunomodulatory diets that have been tested, those containing 

omega-3 polyunsaturated fatty acids (PUFAs) are of particular interest as they 

consistently exert anti-inflammatory processes in cell culture and animal models (7-10). 

Their immunomodulatory effects are less clear in humans. PUFAs, which are 

biosynthesized by the liver from essential dietary omega-3 (such as ALA) and omega-6 

(such as LA) fatty acids, represent a family of long chain carbon molecules that play key 

roles in cellular growth and immune function. Both omega-3 and omega-6 long chain 

PUFAs have the ability to modulate cellular phospholipid content, triggering the activation 

and/or inhibition of several overlapping and competing pathways involved in downstream 
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inflammation. Together, fatty acid desaturase (FADS) and elongation of very long chain 

fatty acid (ELOVL, i.e. elongase) enzymes metabolize essential fatty acids ALA and LA 

into docosahexaenoic acid (DHA) and arachidonic acid (ARA), which serve as precursors 

for bioactive lipid mediators of inflammation that can either resolve or promote acute 

inflammation, respectively (11, 12). Though malonyl-CoA, a coenzyme that transfers 

long-chain fatty acyl CoA molecules from the cytosol to the mitochondria, is considered 

to be the first committed step in fatty acid synthesis, elongase 2 and elongase 5 enzymes 

are the major class of enzymes responsible for the elongation of ≥ 20 carbon (i.e. EPA, 

DPA, and DHA) and 18 carbon (i.e. GLA) PUFAs (13, 14). Elongase 2 and elongase 5 

enzymes, which are highly expressed in the liver, are involved in lipid homeostasis, 

making their role in lipid metabolism greatly consequential (15). Studies have additionally 

shown that elongase activity can be modulated by both diet and disease state, causing 

perturbations in short-term cellular lipid composition and cellular function as a whole (16).  

The biological mechanisms underlying differential responses to PUFA-enriched 

diets in critically ill patients are not well defined, but likely involve different metabolic 

capacities to metabolize key precursor fatty acids. We have previously shown that select 

single nucleotide polymorphisms (SNPs) from the FADS haplotype block are associated 

with differential surrogate estimates of FADS1 (e.g. rs174537 and rs174627) and FADS2 

(e.g. rs174532 and rs174602) activity. These SNPs, however do not appear to directly 

impact the response to high concentrations of PUFA-rich diets in the acute setting, as 

illustrated in Chapter II and III (17, 18). While FADS SNPs have been previously studied, 

herein we wanted to determine the role of ELOVL SNPs on the response to PUFA diets. 

Interestingly, elongase 2 (ELOVL2) and elongase 5 (ELOVL5) genes have been 
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implicated in differential rates of PUFA metabolism in humans. For example overweight 

women (i.e. BMI≥25) who were minor allele carriers at ELOVL2 SNPs rs2236212 and 

rs3798713 had lower ratios of DHA:DPA compared to women homozygous with the major 

allele (19). This observation was accompanied by marginally higher amounts of the 

precursor substrate DPA. An additional study shows that rs953413 displays allele-specific 

upregulation of the ELOVL2 gene, and that SNPs in high LD with rs953413 are associated 

with higher circulating plasma levels of omega-3 PUFAs (20). Several studies have 

demonstrated strong relationships between ELOVL variants and differential rates of 

PUFA metabolism in humans (21, 22), which raise interesting questions about precision 

based dietary recommendations involving PUFAs. We postulate that this could be 

potentially very important in managing the care of critically ill patients receiving 

immunomodulatory dietary supplements. We therefore sought to identify SNPs within the 

ELOVL2 and ELOVL5 gene clusters that may help to explain variable responses to 

PUFA-enriched diets in ARDS patients. We hypothesized that ELOVL variants may be 

associated with differential PUFA levels and clinical outcomes in critically ill patients with 

ARDS. 

 

Materials and Methods 

Study Population: Funded by the National Heart, Lung, and Blood Institute (NHLBI) and 

led by the Acute Respiratory Distress Syndrome (ARDS) Network, the OMEGA clinical 

trial set out to observe the effects of a twice-daily enteral supplementation of omega-3 

fatty acids EPA and DHA, omega-6 fatty acid gamma-linolenic acid (GLA), and 

antioxidants in a group of 272 ARDS patients (NCT00609180).  Participants were 
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between 18 and 89 years of age and were within 48 hours of developing acute lung injury 

requiring mechanical ventilation. Of the 272 patients enrolled, 143 were randomized to 

receive an omega-oil diet (OXEPA®, Abbott Nutrition) containing EPA (6.84g), DHA 

(3.40g), and GLA (5.92g), plus antioxidants while 129 were set to receive an isocaloric 

control diet. The complete study design for the trial is described in detail by Rice et al. 

(23). Banked plasma and urine samples were collected at 0, 3, 6, and 12 days post-

randomization and frozen at -70°C for further analysis. De-identified patient demographic 

information including vital signs, pulmonary functional metrics, and clinical outcomes were 

also documented and compiled into a single database maintained by the Biological 

Specimen and Data Repository Information Coordinating Center (BioLINCC) through an 

approved material transfer agreement. This secondary analysis was approved both by 

BioLINCC and the Wake Forest Baptist Medical Center (WFBMC) Institutional Review 

Board (IRB) (IRB#00035109). 

 

Genotyping: We successfully genotyped a total of 240 individuals from the OMEGA 

clinical trial (n=174 Caucasian, n=40 African American, n=26 other race). DNA samples 

were genotyped using a custom-made SNP panel using Agena’s software 

(Om+Con+Ski_v2) and processed at the University of Minnesota Genotyping Center. 

Genotype calling was used to quantitate genotypes at 20 ELOVL SNPs located on 

chromosome 6. All DNA samples were checked for quality control (QC) using a non-allelic 

real-time PCR reaction and standard Taqman probe. HapMap phase 3 individuals from 

European and African ancestry were used as anchoring populations (CEU: Northern and 

Western European ancestry in Utah, US and YRI: African ancestry in Yoruba Ibadan, 

Nigeria) to test for Hardy-Weinberg equilibrium (HWE). A total of 20 variants spanning the 
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ELOVL2 and ELOVL5 regions on chromosome 6 had a call rate of at least 90% and no 

SNPs deviated from HWE (Table 4.1). Localization of these SNPs is illustrated in 

Supplemental Figure 4.1 and their patterns of linkage disequilibrium is illustrated in 

Supplemental Figure 4.2.  

 

Table 4.1. Genetic variants in the ELOVL2 and ELOVL5 gene clusters.  A total of 214 
(n=174 Caucasian Americans and n=40 African Americans) individuals were successfully 
genotyped at SNPs spanning the ELOVL2 and ELOVL5 genes using genotype calling 
(n=20 SNPs). All SNPs had a call rate of at least 90%, were in Hardy-Weinberg 
equilibrium, and were used for further analysis. 

 

Gene SNP Chromosome 
Position 

(GRCh37.P13) 
Call rate 

ELOVL2 rs3734397 6p13 10982848 99.7% 

ELOVL2 rs4532436 6p13 10983971 99.7% 

ELOVL2 rs1238670 6p13 10987909 96.9% 

ELOVL2 rs12195587 6p13 10989942 98.4% 

ELOVL2 rs2281591 6p13 10990493 99.7% 

ELOVL2 rs911196 6p13 10990751 98.8% 

ELOVL2 rs7755145 6p13 10995180 100.0% 

ELOVL2 rs7760683 6p13 11013900 99.4% 

ELOVL2 rs13204015 6p13 11040460 99.4% 

ELOVL5 rs17544159 6p13 53130520 100.0% 

ELOVL5 rs17544187 6p13 53131343 100.0% 

ELOVL5 rs2281274 6p13 53143554 100.0% 

ELOVL5 rs2294852 6p13 53157214 99.7% 

ELOVL5 rs209492 6p13 53181881 99.4% 

ELOVL5 rs9463904 6p13 53184322 98.8% 

ELOVL5 rs6458920 6p13 53211620 99.1% 

ELOVL5 rs10948748 6p13 53220825 92.9% 

ELOVL5 rs1518514 6p13 53223268 100.0% 

ELOVL5 rs1346602 6p13 53229240 99.7% 

ELOVL5 rs4394207 6p13 53232825 92.9% 
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Supplemental Figure 4.1. Localization of ELOVL SNPs on chromosome 6. Locus 
zoom plots were generated in order to illustrate genetic variants in the ELOVL2 and 
ELOVL5 regions. 
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Supplemental Figure 4.2. Patterns of linkage disequilibrium of ELOVL SNPs. 
Linkage disequilibrium of chromosome 6 SNPs in European (CEU) and African (YRI) 
ancestral populations were visualized using the National Institute of Health’s LD matrix 
tool. Darker shades of blue represent higher D’ values and darker shades of red represent 
higher R2 values. 

A) European Ancestry 

B) African Ancestry 
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Fatty Acid Quantification: Fatty acid methyl esters (FAME) were prepared from banked 

OMEGA trial plasma samples (n=181) collected at 0, 3 and 6 days post-randomization 

using a modified protocol developed by Metcalfe et al. (24). Briefly, total fatty acids were 

prepared in duplicate plasma samples of 100uL and then saponified from complex lipids 

and converted to methyl esters in the presence of 100ug of triheptadecanoic internal 

standard (TAG of C17:0; Nu-Chek Prep; Elysian, MN). Fatty acids were analyzed on an 

Agilent J&W DB-23 column (30 m · 0.25 mm ID, film thickness 0.25 mm) using an HP 

7890 GC-FID (Agilent Technologies, Inc., Santa Clara, CA). An average of 26 peaks were 

routinely identified, which accounted for about 99% of the total fatty acid content per 

sample. Fatty acid data are presented as the percentage of total fatty acids in the 

samples.  

 

Urinary biomarkers: Urine was collected at days 0 and 6 post-randomization in 144 

subjects from the original OMEGA trial. Urinary series 4 leukotrienes were previously 

quantified under the original study design, using ultraperformance liquid chromatography 

followed by electrospray ionization-mass spectrometry and F-series isoprostanes were 

quantified by using thin-layer chromatography followed by gas chromatography mass 

spectrometry (23). These urinary inflammatory biomarkers were normalized to creatinine 

levels.  

 

Statistical Analyses:  To estimate SNP-diet interactions and their effects on biological 

(e.g. markers of PUFA metabolism and inflammation) and pulmonary (e.g. PaO2/FiO2 

and PEEP) outcomes, a mixed linear model containing a SNP-diet interaction was 
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developed. A dominant genotype model was used to evaluate SNP effects (i.e. 

homozygous dominant=0, heterozygous/homozygous recessive=1) and an 

autoregressive (AR1) correlation structure was used to account for time series and 

repeated measures modeling (25). Diet, genotype, and gender were all coded as binary 

variables and time was treated as an equally spaced ordinal variable in the model. If the 

SNP-diet interaction was not statistically significant, the mixed linear model without the 

interaction term was computed to test for the main effects of genotype (dominant 

genotype model) and diet on biological and pulmonary outcomes. A principal component 

analysis was computed on the SNPs to estimate the number of independent dimensions 

in the genetic data and based on this estimate on the number of independent tests, a 

Bonferroni correction of p-value ≤ 0.004 was deemed statistically significant. To estimate 

the interactive and main effects of genotype and diet on both primary (ventilator-free and 

intensive care unit-free days) and secondary (coagulation failure-free days, 

cardiovascular failure-free days, hepatic failure-free days, renal failure-free days, and 

organ failure-free days) clinical outcomes, a Tobit regression model was used. Here 

again, we applied the Bonferroni correction to get a p-value ≤ 0.004 for significance. 

Mortality at 30, 60, and 90-days was evaluated using a Cox proportional hazard 

regression model. All regression models were stratified by race and adjusted for age and 

gender. A trans-ancestral weighted inverse normal meta-analysis was also computed. All 

statistical analyses were performed in SAS (v9.4, Cary, NC, USA). 
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Results 

Diet is a strong predictor of plasma fatty acid levels in ARDS patients  

 ARDS patients enrolled in the OMEGA clinical trial were randomized to receive an 

8oz (240cc) daily enteral supplementation of either an isocaloric control or omega-oil 

infused diet containing EPA, DHA, and GLA. Over the course of one week, all individuals 

receiving the omega-oil diet had significantly elevated plasma levels of EPA, DHA, and 

GLA (Figure 4.1). Interestingly, these individuals also had higher levels of omega-3 DPA 

(an intermediate fatty acid between EPA and DHA), but not omega-6 dihomo-gamma-

linolenic acid (DGLA) or ARA, which are metabolized from GLA (Figure 4.2). None of the 

20 ELOVL SNPs quantitated showed significant associations (i.e. meeting the p ≤ 0.004 

criteria) with any of the circulating plasma PUFA levels. The only observations that 

showed some potential promise were trends between ELOVL2 SNPs with lower DPA 

levels (i.e. rs2281591, rs7755145, and rs3734397) (Figure 4.3). 

 

Minor allele carriers at ELOVL SNPs display improved intermediate ARDS 

outcomes and survival  

 In this study, we proposed that ELOVL SNPs may be able to explain some of the 

variance observed in both the intermediate and end-point clinical outcomes in ARDS 

patients. We determined that ELOVL2 SNP rs4532436 contributed to much of the 

variance seen in ARDS-related intermediate outcomes, particularly hepatic failure-free 

days and coagulation failure-free days in African Americans (Figure 4.4). African 

Americans carrying the minor allele at ELOVL2 SNP rs4532436 (i.e. CG/GG) or on the 
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control diet, displayed significantly more coagulation failure-free days compared to major 

allele carriers (SNP-diet effect=120.9920; p ≤ 0.0001), indicating that both the SNP and 

diet are contributing to coagulation related complications. Additionally, SNP-diet 

interactions involving rs4532436 seemed to be associated with hepatic function in African 

Americans (SNP-diet effect=138.89991; p ≤ 0.0001), but not in Caucasians. Taken 

together, this data suggests that minor allele carriers, particularly in the African American 

population, may benefit from the PUFA-enriched diet by reducing coagulation and hepatic 

failure events. However, this effect was not consistently seen in Caucasians further 

highlighting the importance of racial/ethnic background in addition to genetics and diet 

that may influence the intermediate clinical outcomes in ARDS patients. 

 

Figure 4.1. Individuals on omega-oil diet have higher levels of EPA, DHA, and GLA, 
as expected due to dietary intervention. Banked OMEGA trial plasma samples (n=181) 
collected at 0, 3, and 6 days post-randomization were used to quantify circulating plasma 
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fatty acids via gas chromatography mass spectrometry. A mixed linear model with an 
autoregressive covariance structure was stratified by race and adjusted for age and 
gender in order to estimate the interactive and additive effects of diet and genotype at 
ELOVL SNPs on circulating levels of EPA, DHA and GLA over time. Fatty acid variables, 
expressed as the mean percentage of total fatty acids found in each plasma sample, were 
transformed to meet the linear regression assumptions of normality. Differences in 
circulating fatty acid levels between diet and genotype groups were assessed using a 
dominant genotype model (i.e. homozygous dominant=0, heterozygous/homozygous 
recessive=1) and considered statistically significant if p≤0.004. After correcting for 
multiple comparisons, we did not observe any statistically significant SNP-diet or SNP 
effects impacting circulating PUFA levels. Instead, we observed that individuals receiving 
the omega-oil diet had higher levels of EPA, DHA, and GLA compared to those on the 
control diet.  

 

Figure 4.2. Individuals receiving omega-oil diet displayed higher levels of 
circulating DPA, but not omega-6 long chain PUFAs DGLA and ARA. Banked 
OMEGA trial plasma samples (n=181) collected at 0, 3, and 6 days post-randomization 
were used to quantify circulating plasma fatty acids via gas chromatography mass 
spectrometry. A mixed linear model with an autoregressive covariance structure was 
stratified by race and adjusted for age and gender in order to estimate the interactive and 
additive effects of diet and genotype at ELOVL SNPs on circulating levels of DPA, DGLA, 
and ARA over time. Fatty acid variables, expressed as the mean percentage of total fatty 
acids found in each plasma sample, were transformed to meet the linear regression 
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assumptions of normality. Differences in circulating fatty acid levels between diet and 
genotype groups were assessed using a dominant genotype model (i.e. homozygous 
dominant=0, heterozygous/homozygous recessive=1) and considered statistically 
significant if p≤0.004. After correcting for multiple comparisons, we did not observe any 
statistically significant SNP-diet or SNP effects impacting circulating PUFA levels. 
Instead, we observed that individuals receiving the omega-oil diet had higher levels of 
circulating omega-3 DPA, but not omega-6 DGLA or ARA.  

 

 

Figure 4.3. ELOVL SNPs do not impact circulating fatty acids or response to dietary 
PUFAs. A heat map was generated in order to illustrate the effects of ELOVL genetic 
variants on circulating levels of omega-3 (i.e. EPA, DPA, and DHA) and omega-6 (i.e. 
GLA, DGLA, and ARA) fatty acids over time. Fatty acid variables, expressed as the mean 
percentage of total fatty acids found in each plasma sample, were transformed to meet 
the linear regression assumptions of normality. Differences in circulating fatty acid levels 
between diet and genotype groups were assessed using a dominant genotype model (i.e. 
homozygous dominant=0, heterozygous/homozygous recessive=1) and considered 
statistically significant if p ≤ 0.004. After correcting for multiple comparisons, we did not 
observe any statistically significant SNP-diet or SNP effects impacting circulating PUFA 
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levels in Caucasian or African Americans. Three SNPs exhibited potentially strong trends 
related to lower DPA and DGLA levels in Caucasian Americans (p<0.05; Figure 3A). An 
additional 3 SNPs seemed to suggest potentially higher ARA and lower DPA and DHA 
levels in African Americans (p<0.05; Figure 3B). Black regions on the heatmap indicate 
instances where the observed genotype frequency was fixed to one genotype, therefore, 
not allowing us to test SNP effects.  

 

 

  

 

Figure 4.4. ELOVL2 SNP rs4532436 modulates response to PUFA diet by impacting 
Coagulation and Hepatic failure-free days in African Americans. The OMEGA trial 
defined coagulation failure as having a platelet count less than 80,000 platelets/ul and 
hepatic failure as having bilirubin greater than 2.0 mg/dl. Therefore, higher values for 
coagulation failure-free days and hepatic failure-free days were considered to be optimal. 
A Tobit model stratified by race and adjusted for age and gender was used to estimate 
interactive and additive effects of diet and genotype at ELOVL SNPs on ARDS clinical 
outcomes. Differences in coagulation failure-free days and hepatic failure-free days 
between diet and genotype groups were assessed using a dominant genotype model (i.e. 
homozygous dominant=0 vs heterozygous/homozygous recessive=1) and considered 
statistically significant if p≤0.004. After Bonferroni adjustments for multiple comparisons, 
we observed a significant SNP-diet interaction impacting coagulation and hepatic function 
in African Americans (p<0.0001; Figures 4G-H).  
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In terms of end-point clinical outcomes, individuals receiving the omega-oil diet 

tended to have significantly worse survival if they were major allele carriers at ELOVL2 

SNP rs2281591 (SNP effect from meta-analysis: -2.46; p=0.007) (Figure 4.5). African 

American homozygous with the dominant allele at rs1346602 (i.e. CC) also had 

significantly reduced survival if they received the omega-oil diet (SNP effect p=0.0027). 

This data strongly suggests that minor allele carriers at rs2281591 and rs1346602 benefit 

the most from immunomodulatory diets enriched with fatty acids.  

 

 

Figure 4.5. Individuals receiving oil generally have better survival if they are minor 
allele carriers at rs2281591 and rs1346602. Mortality at 30-, 60-, and 90-days post 
randomization to the OMEGA trial was evaluated using a Cox proportional hazard 
regression model stratified by race and adjusted for age and gender. Differences in 
mortality between diet and genotype groups were assessed using a dominant genotype 
model (i.e. homozygous dominant=0 vs heterozygous/homozygous recessive=1) and 
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considered statistically significant if p≤0.004. African American minor allele carriers at 
rs1346602 (i.e. CT/TT) displayed approximately 40% survival if they received the omega-
oil diet (p=0.0027; Figure 5E). We observed a potentially strong trend suggesting reduced 
survival in major allele carriers of rs2281591 (p=0.0007; Figure 5C).  

 

 

rs2294852 is potentially associated with improved oxygenation fraction in ARDS 

patients  

 In this study, we tested for potential interactions between ELOVL SNPs and 

omega-oil diet, as well as their association with pulmonary outcomes in ARDS patients. 

We focused on PEEP and PaO2/FiO2 ratio, two clinical measures indicative of arterial 

oxygenation in mechanically ventilated patients. Over time, we observed SNP-diet 

interactions impacting PaO2/FiO2 ratios in both Caucasian and African Americans 

(Figure 4.6). On average, major allele carriers at ELOVL5 SNP rs2294852 displayed 

PaO2/FiO2 ratios ≤ 100 mmHg if they received the omega-oil diet, indicative of severe 

hypoxemia. Minor allele carriers receiving the omega-oil diet only displayed mild-

moderate hypoxemia overtime with PaO2/FiO2 ratios ranging from 100 – 300 mmHg 

(SNP-diet interaction from meta-analysis: -2.38679; p=0.008). Although this p-value is 

slightly above our Bonferroni p-value of 0.004, we do think given this relatively small 

cohort that there is value in this promising trend and should be further investigated in 

larger ethnic studies. Taken together, this data suggests that ARDS patients given PUFA-

enriched diets containing EPA, DHA, and GLA may have significantly different pulmonary 

responses to the omega-oil diet based on ELOVL5 SNP rs2294852 and that minor allele 

carriers may benefit the most from this specific dietary regimen.  
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Figure 4.6. Minor allele carriers at rs2294852 receiving omega oil diet are more 
likely to have mild-moderate hypoxemia compared to major allele carriers. The ratio 
of partial pressure of oxygen (PaO2) to fraction of inspired oxygen (FiO2) is a metric for 
oxygenation in ARDS patients. A mixed linear model with an autoregressive covariance 
structure was stratified by race and adjusted for age and gender in order to estimate the 
interactive and additive effects of diet and genotype at ELOVL SNPs on PaO2/FiO2 ratios 
overtime. Variables were transformed to meet the linear regression assumptions of 
normality. Differences in PaO2/FiO2 ratios between diet and genotype groups were 
assessed using a dominant genotype model (homozygous dominant=0 and 
heterozygous/homozygous recessive=1) and considered statistically significant if  
p≤ 0.0004. After Bonferroni adjustments for multiple comparisons, we did not observe any 
SNP-diet or SNP effects impacting PaO2/FiO2. We observed marginally higher 
PaO2/FiO2 ratios in minor allele carriers receiving the omega-oil diet, though this finding 
was indeterminate according to the stringent p-value threshold (p=0.008; Figure 6C).  

  

 

Discussion  

Omega fatty acids like EPA, DHA, and GLA are key players of innate immunity 

and can modulate the acute phases of inflammation. Many cell culture and animal studies 

continue to demonstrate that these fatty acids are involved in the resolution of 

inflammation and ARDS-related pathology, however, the utility of PUFA-enriched diets 

continue to draw negative and inconclusive results in critically ill patients with ARDS (23, 

26-28). We hypothesized that ELOVL genetic variants located on chromosome 6 could 

directly impact levels of circulating omega-3 and omega-6 fatty acids, and consequently 
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contribute to the variability in clinical responses to omega-oil diets. In this study, we 

determined that while ELOVL SNPs did not impact circulating levels of PUFAs, they were 

associated with clinical outcomes in ARDS patients. After stratifying by race, genotype, 

and accounting for multiple comparisons, we describe here for the first time key ELOVL 

SNPs impacting ARDS mortality as well as SNP-diet interactions associated with ARDS-

related pulmonary (e.g. PaO2/FiO2) and clinical outcomes (e.g. coagulation and hepatic 

failure-free days) – often times with minor allele carriers displaying positive responses to 

the omega-oil diet.  

In this study, we found that ELOVL SNPs rs4532436 and rs2281591 were shown 

to have the greatest impact on patient outcomes, with African Americans on the omega-

oil diet and carrying the minor allele at rs4532436 having more coagulation failure-free 

days, major allele carriers on the control diet having more hepatic failure-free days, and 

minor allele carriers at rs2281591 having higher survival rates. The biological 

mechanisms linking ELOVL activity to intermediate and end-point clinical outcomes are 

currently unknown, but we speculate that it may be associated with PUFA-derived 

biomarkers involved in inflammation (i.e. eicosanoids, docosanoids, and SPMs), 

coagulation (i.e. prostaglandins), and thrombogenesis (i.e. thromboxanes).. Interestingly, 

minor allele frequency (MAF) at SNP rs4532436 is higher in African ancestry populations 

(European MAF=0.2370, African MAF=0.4560) and is in relatively high linkage 

disequilibrium with rs2281591 in African Americans (D’=0.652), making its dual 

implications in intermediate (i.e. coagulation and hepatic function) and end-point (i.e. 

mortality) clinical outcomes in ARDS patients particularly interesting. This region within 

the ELOVL gene has been previously shown to play an important role in affecting PUFA 
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levels. In a meta-analysis of two genome-wide association studies of 3521 Chinese 

ancestry individuals, minor allele carriers of rs2281591 had higher DPA levels compared 

to major allele carriers (29).  In our study, rs2281591 was associated with lower DPA 

levels (SNP effect in Caucasian Americans: β=-0.0065; p=0.035) and lower DHA levels 

(SNP-diet effect in Caucasian Americans: β=-0.32; p=0.05), observations that are likely 

the result of the twice daily enteral supplementation of the omega-oil diet containing 6.84 

g of the precursor EPA and 3.4 g of additional DHA. Similarly, Beynon et al. found that 

rs2281591 seemed to modulate response to lycopene and green tea in prostate cancer 

patients, resulting in lower DHA levels as well (30). And although we did not observe any 

associations between rs2281591 and omega-3 ratios (i.e. DPA/EPA or DHA/EPA) at 

baseline or at any other time point, studies by Cormier et al. show that rs4532436 and 

rs2281591 are associated with lower indexes of elongase activity after 6-week 

supplementation of omega-3 fatty acids (21). Taken together, this data may suggest that 

ELOVL SNPs seem to modify responses to PUFA-enriched diets resulting in lower levels 

of omega-3 fatty acids known to play a role in inflammatory and coagulation response 

after injury. It is likely that these altered biological processes may also impact survival 

rates in ARDS patients.  

None of the SNPs we tested independently explained variation in response to 

PUFA-enriched diets, however, we did observe several trends that may be worth 

investigating further in larger cohorts to determine their true effects. First, we determined 

that minor allele carriers at ELOVL5 SNP rs2294852 tended to have better oxygenation 

and higher PaO2/FiO2 ratios compared to major allele carriers, suggesting significant 

improvement in lung function overtime. Perhaps improved oxygenation in minor allele 
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carriers can be attributed to slower metabolism of the omega-oil diet, allowing omega-3 

fatty acids involved in the resolution of inflammation to spend more time in target tissues 

like the lung. Interestingly, slow (i.e. 24hrs) intravenous exposure to long-chain 

triglyceride-based fat emulsions are associated with increased PaO2/FiO2 ratios in ARDS 

patients (31). Whether speed is defined as the rate of infusion or the rate of metabolism, 

these data would suggest that slower metabolic processing of PUFA-enriched 

formulations give way to improved oxygenation and pulmonary hemodynamics in ARDS 

patients. Second, larger cohorts are needed to validate potential interactions between 

omega-oil diet, ELOVL SNPs, and their impact on surrogate measures of elongase 

activity. In this study, African Americans carrying the minor allele at ELOVL5 SNP 

rs1346602 (i.e. CT/TT) had higher DGLA/GLA ratios at baseline (SNP effect: 1.2087; 

p=0.0148), suggesting enhanced elongase 5 activity (Supplemental Figure 4.3).  We 

also observed that Caucasian Americans carrying the minor allele at ELOVL2 SNP 

rs911196 had lower DPA/EPA ratios at baseline (SNP-diet effect: -0.36; p=0.012) and 

higher DPA/EPA ratios overtime (day 3 SNP effect 0.084; p=0.084; day 6 SNP effect: 

0.11; p=0.045) (Supplemental Figure 4.4). While we attribute changes in EPA to DPA 

metabolism to the omega-3 supplement, larger studies are needed to determine if 

rs1346602 and rs911196 are associated with differential elongase capacities in ARDS 

patients receiving PUFA-enriched diets. Third, we postulated that response to the omega-

oil diet might be modulated by ELOVL SNPs, not only by affecting the PUFA metabolism 

but also impacting downstream inflammatory pathways, particularly differential levels of 

PUFA-derived urinary biomarkers of inflammation in ARDS patients.  
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Supplemental Figure 4.3. Effect of rs1346602 on DGLA/GLA ratios. A mixed linear 
model with an autoregressive covariance structure was stratified by race and adjusted for 
age and gender in order to estimate the interactive and additive effects of diet and 
genotype at ELOVL SNPs on surrogate measures of elongase 5 activity (i.e. DGLA/GLA 
ratio). GLA and DGLA variables were first transformed to meet the linear regression 
assumptions of normality. Differences in DGLA/GLA ratios between diet and genotype 
groups were assessed using a dominant genotype model (i.e. homozygous dominant=0 
and heterozygous/homozygous recessive=1) and considered statistically significant if p ≤ 
0.004. After Bonferroni adjustments for multiple comparisons, we observed trends 
towards potentially higher baseline DGLA/GLA levels in African American minor allele 
carriers.  
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Supplemental Figure 4.4. Effect of rs911196 on DPA/EPA ratios. A mixed linear model 
with an autoregressive covariance structure was stratified by race and adjusted for age 
and gender in order to estimate the interactive and additive effects of diet and genotype 
at ELOVL SNPs on surrogate measures of elongase activity (i.e. DPA/EPA ratio). EPA 
and DPA variables were first transformed to meet the linear regression assumptions of 
normality. Differences in DPA/EPA ratios between diet and genotype groups were 
assessed using a dominant genotype model (i.e. homozygous dominant=0 and 
heterozygous/homozygous recessive=1) and considered statistically significant if p ≤ 
0.004. After Bonferroni adjustments for multiple comparisons, we observed trends 
towards potentially higher baseline DPA/EPA levels in Caucasian American minor allele 
carriers.  
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In this study, we observed a trend towards reduced levels of EPA-derived F3-

Isoprostane (Caucasian Americans p<0.03) and less ARA-derived Series 4 leukotriene 

(African Americans p=0.02) in all major allele carriers receiving the omega-oil diet 

(Supplemental Figure 4.5). Though not statistically significant based on our Bonferroni 

corrected p-value of 0.004, the step-wise increase in Series 4 leukotriene (LTE4) levels 

that were observed in African Americans (i.e. GG < GT/TT) was the opposite in 

Caucasians, with major allele carriers having more inflammation overtime. In larger 

clinical studies, this data would suggest that ARA-derived molecules of inflammation may 

be altered differently across both racial and genotype groups, a finding that may be 

associated with differential rates of metabolism and oxidation of omega-6 fatty acids 

derived from the diet.  

Supplemental Figure 4.5. Major allele carriers receiving omega oil diet have less 

F3-IsoP and LTE4 compared to minor allele carriers at rs7755145, rs7760683, 

rs4394207. Banked OMEGA trial urine samples (n=144) collected at days 0 and 6 post-

randomization were used to quantify urinary biomarkers of inflammation via 
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chromatography methods. A mixed linear model with an autoregressive covariance 

structure was stratified by race and adjusted for age and gender in order to estimate the 

interactive and additive effects of diet and genotype at ELOVL SNPs on F-series 

isoprostane and series 4 leukotriene overtime. Inflammatory biomarkers were normalized 

to creatinine levels and transformed to meet the linear regression assumptions of 

normality. Differences in inflammation between diet and genotype groups were assessed 

using a dominant genotype model (i.e. homozygous dominant=0 and 

heterozygous/homozygous recessive=1) and considered statistically significant if 

p≤0.004. After Bonferroni adjustments for multiple comparisons, we observed trends 

toward increased F3-isoprostane levels in Caucasian minor allele carriers and increased 

LTE4 levels in African American minor allele carriers.  

 

 

 Our findings highlight several key insights to the growing body of research 

investigating ELOVL genetic variants and PUFA metabolism, but there are some 

limitations worth addressing. First, we acknowledge that this study is limited in sample 

size, especially since we had to stratify by race due to differential allele frequencies by 

African ancestry. Second, we only focused on the three markers of urinary inflammation 

previously measured in the original OMEGA study due to limited sample volumes. There 

are a number of additional cytokines, macrophages, neutrophils, eicosanoids, and 

specialized lipid mediators of inflammation that should be considered in future studies. 

Third, we acknowledge that the carbohydrate and protein composition were higher in the 

control diet and may have confounded patient outcomes. However, fully elucidating the 

interrelationships between the nutritional components of the diet is beyond the scope of 

our current study. Despite these limitations, our study offers promising evidence that 

ELOVL genetic variants could play a meaningful role in ARDS-related pathology. This 

study is the first to show significant ELOVL SNP-diet interactions impacting clinical 

outcomes in critically ill patients with ARDS.  
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Conclusions 

 In this study we leveraged the OMEGA clinical trial to investigate the effects of 

ELOVL SNPs on response to PUFA-enriched diets in ARDS patients. We observed that 

individuals receiving the PUFA-enriched diet containing EPA, DHA, and GLA showed 

significant improvements in survival if they were minor allele carriers at rs2281591 

(ELOVL2) and rs1346602 (ELOVL5), improvements in PaO2/FiO2 ratios if they were 

minor allele carriers of rs2294852 (ELOVL5), and variability in coagulation and hepatic 

failure-free days if they were stratified by rs4532436 (ELOVL2). In general, these 

observations were markedly different between Caucasian and African Americans, 

highlighting that both genomic and ancestral factors play a role in our study. And though 

we noticed trends impacting surrogate measures of elongase 2 (i.e. DPA-EPA), elongase 

5 (i.e. DGLA-GLA), and urinary biomarkers of inflammation (i.e. F3-IsoP and LTE4), larger 

and more diverse studies are needed to confirm our observations. Future studies 

investigating ELOVL variants in genetically and racially diverse patient populations will 

help the field move closer to understanding the molecular and biological factors impacting 

the diverse clinical responses to PUFA-enriched diets in ARDS patients, ultimately 

improving the management of ARDS patients.  
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 CHAPTER V: DISCUSSION AND RECOMMENDATIONS 

 
CONCLUSIONS 

 The human diet is rich in omega-3 and omega-6 PUFAs, which can be found in a 

wide variety of foods such as most cooking oils, salmon, tuna, peanut butter, avocado, 

flaxseeds, red meats, and more. The unbalanced consumption of omega-3 and omega-

6 fatty acids, however, present many concerns regarding human health and disease. This 

is particularly troubling given the dual role PUFAs play in inflammation. And though 

dietary choices are a main contributor to fatty acid bioavailability in the body, the biological 

consequences of genetic variants in the FADS haplotype block and ELOVL genes also 

raise concerns about potential health disparities observed with PUFA supplementation.  

In our studies, we revealed that no single variant adequately explained differential 

circulating PUFA levels after acute exposure to PUFA-enriched diets– a finding that we 

propose was the result of the overwhelmingly high PUFA-enriched lipid content of the 

supplemental diet. This speculation was further reinforced when we observed genotypic 

differences in surrogate measures of desaturase and elongase enzymatic activity that 

were diminished only after the diet was introduced. Despite this high PUFA diet exposure, 

we identified 6 variants potentially associated with basal estimates of desaturase and 

elongase activity in ARDS patients (i.e. rs174537 (MYRF), rs174532 (MYRF), rs174602 

(FADS2), rs174627 (FADS2), rs1346602 (ELOVL5), rs911196 (ELOVL2)). In addition, 

we identified 5 variants associated with inflammatory phenotypes (i.e. rs174537 (MYRF), 

rs174448 (FADS3), rs7755145 (ELOVL2), rs7760683 (ELOVL2), and rs4394207 

(ELOVL5)), 2 variants associated with coagulation and hepatic outcomes (i.e. rs498793 
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(FADS2) and rs4532436 (ELOVL2)), and 1 variant associated with pulmonary metrics 

(rs2294852 (ELOVL5)). A handful of these SNPs (i.e. rs174532 (MYRF), rs174602 

(FADS2), rs2281591 (ELOVL2), and rs1346602 (ELOVL5)) additionally showed that 

lower survival rates among ARDS patients receiving the OMEGA diet varied by 

genotypes. In total, we identified 4 FADS variants, 2 MYRF variants, and 8 ELOVL SNPs 

either associated with or demonstrating interesting trends related to differential patient 

outcomes in the OMEGA clinical trial. The main effects of these variants as well as the 

interaction between them and the omega-oil diet also varied by race. Overall, we 

determined that minor allele carriers of FADS haplotype variants and ELOVL SNPs 

display less inflammation and improved patient outcomes with the OMEGA diet. Taken 

together, findings from this study add to the growing body of literature identifying key 

genetic variants associated with potential disparities in ARDS-related outcomes and lipid 

phenotypes in humans.  

 

RECOMMENDATIONS FOR FUTURE WORK 

 In this study, while we were able to assess the impact of FADS and ELOVL SNPs 

on biological and clinical outcomes in ARDS patients, there were some limitations. First, 

we were unable to detect a SNP-diet interaction directly affecting differential levels of 

PUFAs, particularly once exposed to the omega-oil diet. This may be due to the fact that 

we still do not know the functional SNP impacting fatty acid desaturase and elongase 

enzymatic processes. One recommendation for future work would be to exploit cell-

culture models or genetic assays to identify the functional variant. These platforms would 
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also likely be useful for the testing of acute versus chronic and time series dosing of 

PUFA-enriched diets. 

Secondly, ARDS is an extremely heterogenic pulmonary disorder that causes 

significant decline in overall pulmonary function within just a few days. Immunomodulatory 

diets rich in omega-oils like GLA, EPA, and DHA have the potential to improve some of 

the ARDS-related clinical outcomes by attenuating dysregulated inflammatory pathways 

that are characteristic in many ARDS patients. However, response to PUFA-enriched 

diets continue to provide mixed clinical results in the ICU and newer strategies are needed 

to prospectively identify patients most likely to benefit from such dietary interventions. 

One study found that certain ARDS patients tended to display higher levels of 

inflammatory mediators and therefore had a more hyper-inflammatory profile compared 

to others with a more hypo-inflammatory one (1). This sort of information would be useful 

given our data showing that major allele carriers at rs174537 (i.e. GG) are more efficient 

metabolizers of omega-6 fatty acids and produce more pro-inflammatory mediators. A 

carefully tailored cocktail of omega fatty acids may ensure that each patient receives the 

right combination of PUFAs that address their specific needs.  

In addition to the FADS and ELOVL genes we investigated in this research study, 

there are many other genes regulating the metabolism, oxidation, and regulation of fatty 

acids. It is likely that genetic variants within those genes contribute to variable responses 

to dietary PUFA-enrichment. For example, peroxisome proliferator-activated receptors 

(PPAR), which are a family of transcription factors encoded by the PPAR genes on 

chromosome22q13, regulate the metabolism of lipids. PUFAs and eicosanoids, which 

serve as natural ligands for PPAR at both nanomolar and physiologic concentrations, 
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modulate inflammation by interacting with this receptor (2-6). Frazier-Wood et al., found 

that individuals carrying different genotypes at PPAR-α SNPs responded differently to 

another PPAR agonist, fenofibrate, with respect to plasma low-density lipoprotein (LDL) 

cholesterol (rs135550 and rs135543) and IL-2 (rs9626730) (7). In another study by Cao 

et al., PPAR-γ SNP rs10865710 was significantly associated with increased susceptibility 

to non-alcoholic fatty liver disease (NAFLD); 41% of individuals with NAFLD were G-allele 

carriers at rs10865710 compared to the 35% who were healthy (8).  SNPs within the 

PPAR-α and PPAR-γ have also been associated with variable total cholesterol, 

triglyceride, and dyslipidemia risk in a Chinese han population (9). Interestingly, 

apolipoproteins, whose expression is regulated by PPAR-y (10), play a critical role in lipid 

metabolism and regulation. SNPs within the apolipoproteins E (APOE) gene have been 

shown to alter omega-3 PUFA status and biomarkers of omega-3 PUFA intake (11, 12). 

Furthermore, it is likely that genetic variants found within the cyclooxygenase (COX) and 

lipoxygenase (LOX) genes also modulate responses to PUFA-enriched diets as these 

genes are all involved in the oxidation of terminal omega fatty acids like EPA, DHA, and 

ARA (13, 14).  Our lab is currently working to elucidate the role of APOE and COX SNPs 

on differential responses to PUFA-enriched diets in trauma patients. 

Traditionally, the field of nutrition has used animal models and clinical studies to 

study the impact of diet on disease (15-17). While these studies have revealed some key 

pathways and responses involved in PUFA metabolism and inflammation, there remains 

a gap in our knowledge of the underlying mechanistic pathways between diet, 

metabolism, inflammation, and disease risk and progression in humans. Moreover, 

advancements in genetics and -omic technologies (e.g. genomic, metabolomic, 
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proteomic) have shown that nutrients in one’s diet can directly impact gene expression 

and modulate molecular mechanisms affecting PUFA synthesis and inflammation.  

Traditional two-dimensional (2D) cell cultures done in vitro fail to recapitulate the 

complexity that three-dimensional (3D) organoid models provide in vivo. Advanced 3D 

organ-on-a-chip platforms, viable for up to 30 days, provide a unique opportunity for 

personalized treatment strategies in humans. Studies from our collaborators show that it 

is possible to fabricate and culture novel 3D liver organoids using primary hepatocytes, 

human stellate cells, and Kupffer cells for up to 28 days (18). Ongoing work from our lab 

reflects efforts to validate this model for further investigation of PUFA metabolism and 

immune response. With patient-derived organoid-on-a-chip platforms such as these, 

researchers can leverage -omic technologies to better understand gene-diet interactions 

impacting differential outcomes in ARDS patients. 

Thus far, our work has shown that there are vast health disparities in clinical 

outcomes between Caucasian and African American patients with ARDS. 

Epidemiological evidence for health disparities in African Americans show that even in 

trauma-related injuries where an acute inflammatory response becomes chronic, African 

American patients experience higher levels of mortality (19, 20). And while some studies 

attribute such differences to socioeconomic status and access to healthcare, 

nutrigenomic studies conducted within the past decade suggest a genetic and epigenetic 

(diet) basis for these disparities (21-23), albeit many have been plagued by poor 

methodologic problems and/or statistical power. Nevertheless, the field of nutrigenetics 

and nutrigenomics is in dire need for new methodologies to advance our knowledge of 
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how personalized diets could prevent or help treat human diseases in diverse patient 

populations (24). 

 

FINAL FOOD FOR THOUGHT 

Based on years of research, it is clear that the mechanisms underlying PUFA 

metabolism and inflammation are complicated by genetic variants, environmental factors, 

and availability of suitable in vitro models to study these phenomena. As such, our lab 

has worked diligently to identify genetic variants implicated in altered fatty acid metabolic 

processes. The generated data from this body of work has not only provided valuable 

insight into the differential capacities for PUFA metabolism, but also provided a greater 

understanding of the biological mechanisms underlying acute inflammation and variable 

responses to PUFA-enriched diets in both vulnerable and understudied patient 

populations. Questions still worth investigating should address if African ancestry 

individuals display higher levels of eicosanoid production and altered inflammatory 

response compared to other ancestral groups; if SNP-diet interactions are the same 

across ethnic groups; if diet can modulate gene expression in acute vs. chronic settings; 

and if this can be demonstrated in novel in vitro organoid models. Answers to these 

questions will ultimately move the field closer to better understanding SNP-diet 

interactions impacting inflammatory pathways in critically ill patients in the ICU.  
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