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ABSTRACT 

Omega-3 fatty acids are well known to benefit pregnant women and infant outcomes. 

More women are entering pregnancy with excess weight which puts them at higher risk for 

complications such as gestational diabetes, preeclampsia, and preterm delivery, amongst others. 

In the present study we assessed the omega-3 fatty acid (docosahexaenoic acid, DHA) status in 

overweight (BMI = 25.0 – 29.9 kg/m
2
) pregnant women of Louisiana. Age, ethnicity, weeks of 

pregnancy, weight, and length were recorded for each participant. Dietary intakes were assessed 

by repeated 24-h dietary recalls using the University of Minnesota Nutrient Data System for 

Research.  Blood samples were collected at 16.5 – 20 weeks of pregnancy to evaluate red blood 

cells (RBC) fatty acids by gas chromatography. Pregnant women (n = 21) were 19 – 34 years of 

age; 62% were African Americans, 29% Caucasians, and 9% Hispanics; and 62% of the 

population had low socioeconomic status. On average, pregnant women consumed 72 ± 63 mg 

DHA/day; therefore, pregnant women were not meeting the recommended intake of at least 200 

mg of DHA/day (p ≤ 0.05). When including supplementation, only 38% met the recommended 

intake (p ≤ 0.05). Using logistic regression analysis it was determined that age, ethnicity, and 

socioeconomic status (p > 0.05) did not affect the probability of achieving the recommended 

DHA dietary intake for pregnant women. RBC DHA was 8.48 ± 1.39 wt%. African Americans 

had lower RBC DHA (7.98 ± 0.94 wt%) compared to Caucasians + Hispanics (9.29 ± 1.68 wt%) 

(p ≤ 0.05). Multi-source regression analysis revealed that only ethnicity affected the RBC DHA 

wt% (p ≤ 0.05); whereas age, intake (diet + supplement), and SES did not (p > 0.05). Our data 

point to a need for nutrition education regarding the benefits of consuming DHA during 

pregnancy for pregnant women and women of childbearing ages. 
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CHAPTER 1 

INTRODUCTION 

 Nutrition during the perinatal period plays a key role in fetal development. Every 

nutrient, whether received or not in adequate quantities, will determine in part the long-term 

health for the infant. Louisiana is reported to be one of the leading states in the Unites States for 

obesity. More specifically, a report from the Gallup-Healthways Well-Being Index in May 2015 

revealed that Louisiana ranks as the number 3 state for obesity in the nation; Baton Rouge is the 

community with the highest incidence of obesity with more than one third (35.9%) of its 

residents classified as obese (1).  

Overweight and obesity can lead to a host of different metabolic diseases. Diabetes, high 

blood pressure, high cholesterol, and cardiovascular problems are just a few of the diseases that 

can develop or be complicated when weight gain is excessive. Weight gain is also linked to 

quality of life and well-being. Medical cost is also increased. The Institute of Medicine (IOM) in 

2012 reported an estimated annual cost of $190.2 billion for obesity-related illnesses (2). 

Gestation is viewed as a critical period for the development of obesity. It is thought that 

either over- or undernutrition during the perinatal period influence the development of obesity 

later in life (3). The risk for obesity in children at seven years of age has been associated with 

obesity in the mother or both parents (4).  

Clearly, the environment in early life plays a significant role for infants’ development of 

overweight or obesity. Fetal programming can influence the development of certain diseases 

later in life. For instance, the in utero environment is considered a critical period in which the 

long term regulation of energy balance may be programmed (4). Given that intrauterine life is a 

critical period of development, alterations in fetal nutrition and endocrine status will modify fetal 
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physiology and metabolism, predisposing the infant to a host of diseases later in life. This has 

come to be known as the ‘fetal origins’ hypothesis (5).   

Justification 

Nowadays, more females are entering pregnancy with overweight or obesity and this 

extra weight puts them at higher risk for complications that can be detrimental to their own 

health, their babies’, or both. According to the Centers for Disease Control and Prevention 

(CDC), almost 60% of U.S. women enter pregnancy with overweight and more than 30% of 

pregnant women gain weight during pregnancy in excess of what is recommended by the IOM 

(6): 15-25 pounds for women who enter pregnancy with overweight and 11-20 pounds for 

women who enter pregnancy with obesity (7). 

It is well established that DHA during pregnancy can benefit the child later in life. For 

example, Courville et al. (2011) conducted a study that demonstrated the influence of DHA 

during pregnancy on infant adiposity. Infants born to mothers supplemented with 300 mg of 

DHA from 24 weeks of pregnancy until delivery had lower ponderal index and lower umbilical 

cord insulin concentrations than infants born to mothers consuming a placebo (8).  

The Dietary Guidelines for Americans 2010 recommends that pregnant women eat at 

least 8 ounces per week of seafood that provide an average of 250 mg per day of DHA and EPA 

(9). This could be attained by eating a variety of seafood and selecting choices that are high in 

DHA and EPA but low in methylmercury. Recent research conducted in our laboratory has 

demonstrated that females of reproductive age are consuming low amounts of DHA and EPA 

(46-66 mg/day) (10, 11). In late pregnancy the fetal demand for nutrients is higher than in early 

pregnancy, as it is a time of significant growth for the fetus (5, 12). Therefore, our interest is 
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focused on evaluating the omega-3 long chain polyunsaturated fatty acid (LCPUFA) status of 

overweight pregnant women at mid-pregnancy. 

By investigating the factors that might reduce the risk of obesity later in life, health 

professionals could focus on preventive actions rather than treatment. Simultaneously, by 

generating more evidence for the benefits of omega-3 LCPUFAs (DHA) during pregnancy, 

nutrition education can be better focused on teaching women of childbearing ages. 

Research Hypothesis 

Overweight pregnant women from Louisiana are not meeting the recommended intake of 

omega-3 long chain polyunsaturated fatty acids for pregnant women. 

Specific Aim 

The aim of this research is to assess the status of omega-3 LCPUFA (DHA) of pregnant 

women by measuring the fatty acids of red blood cells in overweight pregnant women of the 

greater Baton Rouge area and estimating their dietary intake at 16.5 – 20 weeks of pregnancy. 

Objectives 

1. Estimate the omega-3 LCPUFA (DHA) dietary intake.  

2. Compare the omega-3 LCPUFA (DHA) dietary intake of Baton Rouge overweight 

pregnant women against the current recommendation for DHA for pregnant women. 

3. Assess if overweight pregnant women from Baton Rouge are consuming supplements 

that include DHA. 

4. Determine the status of omega-3 LCPUFA (DHA) in overweight pregnant women. 

Limitations 

1. Not being able to recruit enough participants for the study. Despite the fact that 234 

women were invited to participate, only 21 were interested in enrolling in the study. 
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2. Dietary intakes were assessed with repeated 24-h dietary recalls, which relied on the 

memory of the participants. However, repeated dietary recalls represent the best estimates 

of food consumed. 
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CHAPTER 2 

REVIEW OF LITERARURE  

Lipids 

Lipids, commonly called fats, are organic molecules found in all types of living 

organisms. Compared to proteins and carbohydrates, fats are characterized for being insoluble in 

water but soluble in organic solvents (12). Therefore, fats are capable of interacting with other 

molecules to be utilized in digestion, absorption, transport, and storage (13).  Triglycerides, 

phospholipids and, sterols are the three types of lipids found in the human body. Triglycerides 

are the major form of lipid in the food we consume and it is how fat is stored in our bodies. Fats 

are the major source of fuel energy for the body and they also help in the absorption of fat-

soluble vitamins (14). 

Triglycerides (also known as triacylglycerols) consist of three fatty acids (FA) attached to 

a three-carbon glycerol backbone (12). A fatty acid is formed by a chain of carbon atoms bound 

to each other as well as to hydrogen atoms with a carboxylic acid group (COOH) at one end and 

a methyl group (CH3) at the other. Therefore, fats have a polar, hydrophilic end (-COOH) and a 

nonpolar, hydrophobic end (-CH3) (14) (Figure 1). 

  
Figure 1. Fatty acid structure (12). 
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Based on the length of the carbon chain, FAs are classified as: short chain, 4-7 carbons; 

medium chain, 8-12 carbons; and long chain, more than 12 carbons. FAs are also classified based 

on the degree of saturation. The carbon atom is capable of forming four bonds to attach them to 

four other atoms. Carbons attached to hydrogen or to another carbon will dictate the degree of 

saturation of a FA. Thus, a saturated FA has each carbon within the chain bound to two 

hydrogens. That means each carbon atom is saturated with hydrogen. If carbons within the chain 

are not saturated with hydrogen (carbon bound only to one hydrogen) they form carbon-carbon 

double bonds making the FA monounsaturated. A polyunsaturated FA contains more than one 

double bond in its carbon chain (15) (Figure 2). Further, unsaturated FAs can occur in either cis 

or trans configuration. A cis FA has both hydrogen atoms attached on the same side of the 

double carbon bond, whereas a trans FA has both hydrogen atoms attached on diagonally 

opposite sides of the double carbon bond (12). The length of the carbon chain and the type and 

location of the bonds between the carbon atoms determine the physical properties of the fatty 

acid and the influence it can have on health. 

 
          Figure 2. Levels of saturation among fatty acids (12). 
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A commonly used system to name a FA is based on the -CH3 end of the FA chain. The 

position of double bonds between carbons is counted from the CH3 end, also called omega (“ω” 

or “n”), in the carbon chain. For instance, DHA under this system will be named as 22:6n-3; this 

indicates that the carbon chain is formed by 22 carbon atoms, 6 double bonds, and the first 

double bond is located in the 3
rd

 carbon atom, counting from the -CH3 of the molecule. 

Essential Fatty Acids and their Metabolism 

 Essential fatty acids (EFA) are lipids that cannot be synthesized within the body, or 

cannot be synthesized in sufficient quantities to meet the body’s needs; consequently they must 

be consumed in the diet or from supplements. Humans are not capable of synthesizing double 

bonds in the omega-6 and omega-3 positions (15). For that reason, linoleic acid (LA, 18:2n6) and 

alpha-linolenic acid (ALA, 18:3n3) are considered EFA. After ingestion, they are distributed 

between adipose triglycerides, other tissue stores, tissue structural lipids, and some of them are 

used to provide energy (13). EFA are required for physiologic functions such as normal growth, 

oxygen transport, energy storage, and regulation of inflammation (14-16).  

Human FA synthesis occurs predominantly in the liver. Omega-6 and omega-3 LCPUFA 

(i.e. C20:3n6, C20:4n6, C20:5n-3, and C22:6n-3) are derived from linoleic acid (LA, 18:2n6) 

and alpha-linolenic acid (ALA, 18:3n3), respectively (13). During this process, desaturases that 

incorporate double bonds, and elongases that add two carbon atoms at the carboxylic end of the 

chain, react with FAs until the 22 carbon chain FAs are formed (13, 14) (Figure 3). 

DHA and EPA are synthesized in limited amounts from alpha-linolenic acid (ALA) (17). 

Barceló-Coblijn and Murphy, and Brenna et al. (18, 19), have summarized the findings pointing 

to a very limited conversion of ALA to DHA in the human body. The LCPUFAs (20- and 22-

carbon chain length) are more rapidly incorporated into the developing brain than the 18-carbon 



www.manaraa.com

8 

 

chain length FAs, approximately 10 times more efficiently (13). DHA and EPA are most 

prevalent in membrane phospholipids. DHA is the most abundant omega-3 fatty acid in cell 

membranes of the brain and the retina. 

 
Figure 3. Metabolism of Omega-6 and Omega-3 Fatty Acids (20).  

Benefits of Fatty Acids during Pregnancy 

More than 35 years ago investigation on the role of omega-3 and omega-6 LCPUFA on 

fetal development started. Different authors evaluated fetal tissues at different time points during 

pregnancy and the conclusion was the same: fatty acid accretion increases with gestation, 

reaching the maximum level during the last trimester. Arachidonic Acid (AA, 20:4n6) and DHA 

are the most abundant LCPUFAs in fetal brain as they are used for structure and function (Figure 

4) (21-24). Hence the nutrient needs, especially for LCPUFAs, are increased during pregnancy 

with the purpose of providing the fetus with sufficient LCPUFAs for his/her adequate 

development. 



www.manaraa.com

9 

 

 
Figure 4. Fatty acid composition in fetal brain (22). 

During the last three decades evidence has accumulated to support the thesis that a supply 

of EFA and LCPUFAs are needed for normal development of the fetus (25). Fetal FA 

concentrations will be driven by maternal diet as they are transferred from the mother to the fetus 

through the placenta, which concentrates the LCPUFAs in favor of the fetus (25, 26). 

During the last trimester of pregnancy lipid deposition in the fetus increases around 7 

g/day with the baby’s brain growing at a rate of 1 mg/min (27). The brain is 60% structural 

lipids, thus high amounts of AA and DHA are found in it as the incorporation of these LCPUFAs 

in the fetal brain has preference over other types of FAs (22, 26). Rapid accretion of the omega-3 

LCPUFAs in the central nervous system occurs in the last weeks of pregnancy. The fetus 

accumulates LCPUFA in adipose tissue during the last trimester for use of the deposits in the 

first days after birth (27).   

Studies have repeatedly demonstrated that DHA plays a key role in fetal brain and retina 

development; it may also reduce the prevalence of intrauterine growth retardation and preterm 

birth by increasing the length of gestation (16). Therefore, the requirement for omega-3 

LCPUFAs can be considered critical during the in utero period (28). Below some trials that 

provide evidence of the importance of LCPUFAs during pregnancy: 
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Gestational length 

In a randomized, double-blinded, controlled, clinical trial conducted by Smuts et al. (29), 

291 pregnant women at 24-28 weeks of pregnancy consumed 4.6 – 5.6 DHA-enriched eggs (133 

mg DHA/egg) or regular eggs (33 mg DHA/egg) per study week until delivery. It was found that 

gestational age was significantly increased by 6 ± 2.3 days in the group consuming DHA-

enriched eggs. Also, in the DHA-enriched eggs group there was a positive tendency in an 

increment of infant’s birth weight, length, and head circumference. In another randomized, 

double-blinded, controlled trial by Carlson et al. (30), 350 pregnant women consumed a placebo 

or DHA capsules (600 mg/day from marine algae oil) from less than 20 weeks of gestation until 

delivery. Gestation was increased by 2.9 days, the infants had higher birth weight, and head 

circumference in the group with DHA supplementation.   

Infant development 

 Most of the human trials have focused on the infant’s central nervous system and visual 

development. In a randomized, longitudinal, double-blinded, and placebo-controlled trial 

evaluating the effects of a DHA-functional food (cereal bar containing 300 mg of DHA fish oil – 

an average of 5 bars/week was consumed) versus a placebo in pregnant women at 24 weeks of 

gestation until delivery, a series of studies were conducted to evaluate different aspects in infant 

development: 

1. In a study by Judge et al. (31) with 30 pregnant women, infant visual acuity was assessed 

at four and six months of age. Babies born to mothers in the DHA-functional food group 

had higher visual acuity scores at four months. The results indicated better visual 

development in infants whose mothers had consumed DHA when pregnant. 
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2. In another study by Judge et al. (32) 29 pregnant women participated. Infants at 9 months 

of age were presented problem-solving and recognition memory tests. Infants born to 

mothers in the DHA-functional food indicated better problem-solving but not recognition 

memory abilities. 

3. A study by Judge et al. (33) with 48 participants, found that babies born to mothers 

consuming the DHA-functional food had better neurobehavioral development (assessed 

by infant sleep pattering) when compared to the group consuming the placebo bar.  

4. Courville et al. (8), evaluated the prenatal impact of the DHA-functional food on infant 

intrauterine growth in 47 pregnant women. Infants 21 months-old whose mothers 

consumed the DHA-functional food had lower infant ponderal index (an indicator of 

infant body fatness) than infants whose mothers consumed the placebo. The venous cord 

blood plasma insulin concentrations in infants born to mothers consuming the DHA-

functional food were lower compared to infants born from mothers consuming the 

placebo.  

Thus, intervention studies with different amounts of DHA have laid the groundwork to 

demonstrate that DHA during pregnancy provides benefits for infant neural and visual 

development, and this may influence function throughout the rest of life. 

Overweight Pregnancy and its Related Complications 

More females are entering pregnancy with high body mass index (BMI) and are also 

gaining more weight than is recommended (7). High BMI, overweight and obesity, have been 

linked to complications during pregnancy: preeclampsia, hypertension, higher rates of cesarean 

delivery, increased risk for gestational diabetes mellitus (GDM), preterm delivery (13, 34, 35), 

and other related complications predisposing the infant to higher risks of developing chronic 
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diseases (obesity, diabetes, metabolic syndrome, etc.) later in life. A meta-analysis conducted by 

Chu et al. (36) in 2007 revealed that high maternal weight was associated with higher risk of 

GDM and the risk was increased with weight gain. Obese women are also at higher risk of 

postpartum weight retention and are less likely to initiate and sustain breastfeeding (37).  

Obesity during pregnancy is common in the U.S. and it has been associated with 

increased use of health services. A study conducted by the CDC in collaboration with Kaiser 

Permanente Northwest (38) (a health care provider) identified that high BMI (overweight and 

obesity) in pregnant women was associated with more prenatal fetal tests, obstetrical ultrasound 

examinations, medications, telephone calls to the department of obstetrics and gynecology, and 

prenatal visits with physicians compared to normal BMI. The CDC identified that severe 

maternal morbidity, a term that includes the most severe complications of pregnancy, affect more 

than 50,000 women in the U.S. every year (39). Elevated pre-pregnancy BMI is one of the 

factors that is considered to increase severe maternal morbidity. 

The American College of Obstetricians and Gynecologists established that obese women 

are more likely to give birth to an infant with congenital anomalies, for example neural tube 

defects; and excessive weight gain during pregnancy is associated with large-for-gestational-age 

infants, who are at higher risk of developing childhood obesity (37) and their birth presents 

delivery risk for both the infant and the mother. 

Role of Omega-3 LCPUFA in Decreasing Inflammation in Pregnancy Complicated by 

Overweight  

A healthy pregnancy involves a physiological maternal inflammatory response (34) that 

is aggravated with weight gain as obesity is considered a metabolic inflammatory disease (13) 

and this excessive weight gain triggers an abnormal inflammatory response during pregnancy. 

Overweight and obese people have higher C-reactive protein levels (an important biomarker of 
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the inflammatory response) than normal weight people (40), suggesting that higher BMI is 

associated with higher inflammation. Challier et al. (41) in 2008 demonstrated that obesity in 

pregnancy is associated with peripheral inflammation. Thus, overweight pregnant women are 

more sensitive to exaggerated inflammation which exposes them and their babies to adverse 

consequences.  

EFA are precursors for eicosanoids, important biological compounds that regulate 

cellular functions of significance in human health and disease, such as reproductive function, 

blood clotting, blood pressure, immune function, and inflammation, among others (12, 42). 

Different biological compounds derived from LCPUFAs are involved in the inflammatory 

response. The three major classes of eicosanoids are prostaglandins, thromboxanes, and 

leukotrienes (42). Some eicosanoids are derived from AA, which is an omega-6 LCPUFA. EPA 

(omega-3 LCPUFA) is a precursor for eicosanoids, resolvins and docosanoids; and DHA 

(omega-3 LCPUFA) is a precursor for resolvins and protectins. Compounds derived from 

omega-6 LCPUFAs (i.e. AA) are pro-inflammatory mediators, whereas compounds derived from 

omega-3 LCPUFAs (i.e., DHA and EPA) have anti-inflammatory properties (43) (Figure 5). 

Thus, eicosanoids act as mediators and regulators of inflammation (13). 

 
                Figure 5. Mediators derived from LCPUFA (43). 
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By increasing the amounts of omega-3 LCPUFAs less synthesis of pro-inflammatory 

eicosanoids will occur. Thus, the mechanism of action for DHA is antagonism of production of 

pro-inflammatory eicosanoids. 

Dietary DHA Recommendations during Pregnancy 

 Dietary reference intakes (DRI) for carbohydrates, protein, vitamins, and minerals during 

pregnancy are well established. But the case for fat is different because there are no set values for 

total fat intake due to insufficient data to determine a level at which inadequacy or prevention of 

chronic disease occurs. Yet, an acceptable macronutrient distribution range (AMDR) for total fat 

has been estimated at 20-35% of energy (44).  

For the LCPUFAs there is neither EAR (estimated average requirement) nor RDA 

(recommended dietary allowance) because no potential adverse effects have been identified in 

the limited information available. However, an AI (adequate intake) has been established based 

on the median intake of LA and ALA in the U.S. For pregnant women the IOM of the National 

Academies has set an AI for LA of 13 g/day, and for ALA 1.4 g/day. While an AMDR for ALA 

has been set at 0.6 – 1.2 % of energy, from which 10% can be consumed as EPA and DHA (44, 

45).  

 Different organizations recommend eating seafood with the purpose of consuming 

omega-3 FAs: 

 Dietary Guidelines for Americans, 2010: “Consume 8 – 12 ounces of seafood per week 

from a variety of seafood types” that will provide an average of 250 mg per day of EPA 

and DHA (9) 

 MyPlate: No specific quantity of fish is recommended, but it is suggested to eat seafood 

twice a week including seafood high in omega-3s and lower in mercury (46) 
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 American Heart Association Guidelines: “Eat a variety of fish at least twice a week, 

especially fish containing omega-3 fatty acids” (47) 

All of these recommendations (9, 46, 47) have been established based on the benefits of 

omega-3 LCPUFAs for the prevention and treatment of chronic diseases, principally to reduce 

the risk for cardiovascular disease (CVD).  

Additionally, experts recommend that pregnant and lactating women should achieve an 

average daily intake of at least 200 mg of DHA per day (48). Adequate amounts of DHA during 

pregnancy are essential because of its important role in fetal brain and retina development. 

DHA Dietary Sources 

Plant-based foods as flaxseeds, walnuts, their derived oils, canola oil, and olive oil are 

sources of ALA. DHA is found mainly in fish. Some types of seafood are known to be a rich 

sources of omega-3 FAs. Salmon, white tuna (bluefin and albacore), sea bass, trout, and oysters 

are good sources of DHA that contain low amounts of methylmercury, therefore they are allowed 

to be consumed during pregnancy. On the other side, large predatory fish such as shark, 

swordfish, tilefish, or king mackerel should be avoided because they are more likely to 

bioaccumulate methylmercury since they eat smaller organisms that contain methylmercury as 

well (17). Main sources of omega-6 PUFA are vegetable oils such as soybean oil, safflower oil, 

sunflower oil, and corn oil (20, 49).  

DHA-enriched eggs are another source of omega-3 LCPUFAs. Smuts et al. (50) 

conducted a study observing that women who consume low amounts of fish were more likely to 

consume eggs as a source of DHA. The trial compared a group of pregnant women between 24 

and 28 weeks of pregnancy consuming a dozen of DHA-enriched eggs with 135 mg DHA/egg 

with another group consuming ordinary eggs with 18 mg DHA/egg until delivery. It was found 
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that eggs with high amounts of DHA (135 mg DHA/egg) could increase DHA intake among 

pregnant women. DHA-enriched eggs available in the market may provide up to 150 mg 

DHA/egg (51).  

DHA Supplementation 

Different types of supplements are a convenient alternative to achieve recommended 

intakes, especially during pregnancy when requirements for the mother and the baby need to be 

reached. Some supplements contain ALA, but it still needs to be converted to EPA and DHA in 

the body to provide physiological benefits. However, it is known that this conversion is not 

efficient in humans (13). EPA and DHA supplementation can be an alternative option for vegans 

and for individuals who do not like or are allergic to fish (45). DHA-rich microalgae 

supplementation or fish oil supplementation are the main ingredients in any supplement product. 

The fetus depends on the maternal supply of omega-3 LCPUFAs. Consequently, 

supplementation with omega-3 LCPUFAs during the last trimester of pregnancy has been 

advised (25), mainly because brain growth is quite remarkable during this time (12). Every day, 

more and more prenatal manufacturers are including omega-3 LCPUFAs in their products giving 

the consumer a variety of options according to their possibilities and needs. 

Omega-6/omega-3 Ratio  

The 18-carbon chain FAs compete with each other during the desaturation and elongation 

steps. Omega-6 and omega-3 FAs can interfere with the metabolism of the other. Therefore, an 

excess of omega-6 FAs might reduce the metabolism of ALA leading to a deficit of EPA and 

DHA (13, 28). For this reason, the ratio of omega-6 (LA):omega-3 (ALA) in the diet is critical 

for health. Desaturases are the rate-limiting step, especially the Δ6 desaturase (see Figure 1). In 

vitro studies point to the Δ6 desaturase enzyme having higher affinity for the most unsaturated 
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substrates; the order of preference being ALA (omega-3 FA) over LA (omega-6 FA). However, 

the conversion rate efficiency from the 18-carbon chain to the 20 – 22 carbon chain FAs is very 

limited in humans (13, 44). Thus, what we see on a laboratory level does not hold in human life. 

An optimal ratio of omega-3 and omega-6 FAs is required in the diet to provide a healthy 

balance. A recommendation varies from 5:1 to 10:1 omega-6:omega-3 ratio (15, 52). However, 

an optimal ratio has not been established and it could vary according to the stage of life (13, 44). 

According to Russo (49), a ‘very high omega-6:omega-3 ratio is considered detrimental for 

human health’. A high omega-6:omega-3 ratio (excessive amount of omega-6) promotes the 

pathogenesis of CVD, cancer, and inflammatory diseases (i.e. inflammatory bowel disease, 

rheumatoid arthritis, and asthma); conversely a low omega-6:omega-3 ratio reduces the risks or 

suppresses the symptoms for these diseases (53). 
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CHAPTER 3 

EXPERIMENTAL DESIGN AND METHODS 

The study described in this document is an ancillary study to LAMBS, the LA Moms and 

Babies Study for Nutrition and Growth. LAMBS is a randomized, double-blinded, placebo-

controlled intervention trial recruiting overweight pregnant women who are less than 20 weeks 

in their pregnancy. Subjects considered in the present study have not started the intervention. 

Therefore, this proposed study is focused on assessing the baseline status of the omega-3 

LCPUFA of the LAMBS participants, a population which may be considered typical of pregnant 

women in the greater Baton Rouge area.  

LAMBS is a collaborative study between Louisiana State University, LSU AgCenter, 

Woman’s Hospital, and Pennington Biomedical Research Center. The Institutional Review 

Board (IRB) from the different institutions approved the study.  

Subject Recruitment 

Overweight (BMI = 25.0 – 29.9 kg/m
2
) pregnant women at 16.5 – 20 weeks of pregnancy 

were recruited from the community of Baton Rouge, mainly through the Associates in Women’s 

Health and other outpatient clinics at Woman’s Hospital, Baton Rouge; community outreach 

recruitment was also approached by posting flyers (see Appendix A) at shops, libraries, coffee 

shops, and participation in Baby Grand (a special event for pregnant women at Woman’s 

Hospital, Baton Rouge). Pregnant women were pre-screened to determine if they qualified for 

the study. The pre-screening included questions about age, pre-pregnancy body weight and 

height to calculate BMI, weeks of pregnancy, if they were planning for vaginal delivery, if they 

were being cared for by a physician affiliated at Woman’s Hospital, and if they were planning to 

deliver at Woman’s Hospital (see Appendix B).  
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If they qualified, another screening was done to determine eligibility based on the 

following criteria: 

 Eligibility criteria: 

o Pregnant women between 18 to 35 years of age 

o Pass the glucose tolerance test for diabetes 

o Pre-pregnancy BMI of 25.0 – 29.9 kg/m
2 

(overweight classification) 

 Exclusion criteria:   

Women were excluded if they: 

o Have more than five children 

o Have a history of high blood pressure, high blood lipids, kidney or liver disease 

o Have inability to handle blood sugar normally 

o Have polycystic ovary syndrome 

o Have thyroid disorder 

o Have multiple fetuses, pregnancy related complications (preterm labor, gestational 

diabetes, high blood pressure, premature rupture of the membranes) 

o Have smoked in the past 6 months 

o Have been pregnant or lactating (breastfeeding) in the past year 

o Deliver at a hospital other than Woman’s Hospital 

o Test positive for human immunodeficiency virus (HIV), syphilis, sepsis, group B 

streptococcus, and hepatitis B 

o Do not follow study procedures 
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Study Design 

A cross-sectional study was conducted with overweight pregnant women. Eligible 

participants were asked to meet at Woman’s Hospital, Baton Rouge to consent and to have their 

blood drawn. Blood samples were drawn at 16.5 to 20 weeks of pregnancy. Women completed a 

health history form that included questions about their date of birth, age, height, weight, 

ethnicity, and history of previous pregnancies (see Appendix C). Using the University of 

Minnesota Nutrition Data System for Research program (NDSR), between one and seven 24-h 

dietary recalls, either in person or via the telephone, were completed by each participant at 

different time points in their pregnancy (16.5 – 20, 22, 24, 26, 30, 32 and 36 weeks of 

pregnancy).  

NDSR is a dietary analysis program designed for the collection and analyses of 24-h 

dietary recalls, food records, menus, and recipes. To perform a 24-h dietary recall individuals are 

asked to recount all food, beverages and nutritional supplements consumed the day before the 

interview. Individuals are provided a food amounts booklet to help them calculate the amount of 

food and beverages they have consumed. The period being recalled consists of 24 hours which 

go from midnight to midnight from the previous day. NDSR also offers calculation of nutrients 

providing data per ingredient, food, meal, and day in report and analysis file formats.  

Sample Collections 

Blood samples were collected at 16.5 to 20 weeks of pregnancy by a trained phlebotomist 

in the Outpatient Lab, Physician Office Building at Woman’s Hospital. Participants’ blood was 

drawn into 4 ml EDTA vacutainer tubes that were pre-labeled with participants’ ID. 

Immediately, the tubes were placed into a biohazard bag and transported to the Woman’s 

Hospital Pathology Laboratory for processing of the blood. Aliquot tubes were labeled with the 
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study name (LAMBS), analyte, participant ID, date and blood draw collection number. Samples 

were centrifuged using a Thermo Scientific Sorvall™ ST 16 centrifuge at 3000 rpm for 10 

minutes. Plasma was separated from the red blood cells (RBCs). The RBCs were washed with an 

AirLife® Modulose® 0.9% sodium chloride solution and re-spun at 3000 rpm for another 10 

minutes. The saline solution was discarded and the RBCs were aliquoted into 2 ml tubes. 

Aliquots were placed into cardboard cryoboxes and stored in the freezer at -80 °C until the time 

of analysis.  

Sample Analysis 

 Samples were analyzed in one batch. Samples were removed from the freezer and thawed 

at room temperature. RBC samples were prepared for analysis of FAs using the following 

established procedure: 

1. To process the samples, 100 µl of RBCs were placed into glass tubes with Teflon lined 

caps.  

2. Two ml of methanol:benzene (4:1, v/v) containing 40 µg/ml of internal standard 

(heptadecaenoic acid, C17:0) were added to each tube.  

3. Under the fume hood, 200 µl of acetyl chloride were slowly added over one minute to 

each tube. The tubes were capped tightly and manually mixed thoroughly.  

4. The mixture was heated at 100 °C for one hour using a VWR analog heat block under a 

fume hood.  

5. Samples were removed from the heat block and cooled down at room temperature. When 

cool, 5 ml of 6% (w/v) potassium carbonate were added to neutralize the mixture and to 

stop the chemical reaction.  
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6. Samples were spun at 3500 rpm for 10 minutes at 4 °C in an Allegra™ 6R Centrifuge 

from Beckman Coulter.  

7. Fatty acid methyl esters (FAMEs) at the top of each tube were removed and placed into 

labeled amber vials with rubber caps.  

8. Vials were placed into a Hewlett-Packard 6890 series gas chromatograph (GC) with a 

flame ionization detector (FID) to analyze the samples.  

For the GC analysis, an external standard (FIM-FAME from Matreya, LLC) reconstituted 

with dichloromethane (1:60, v/v) was also injected in the GC with the samples to ensure proper 

operation of the equipment and to compare and identify the FAMEs found in the samples by 

comparing the peak retention times. The GC was equipped with a Supelco Omegawax™ 250 

Fused Silica Capillary Column 30m X 0.25 mm X 0.25 µm. The inlet was set at a split ratio of 

10:1 and maintained at 180 °C. Helium was used as the carrier gas and it was maintained at 1.2 

ml/min. The oven was programmed with an initial temperature of 180 °C and increased to 210 

°C at a rate of 2 °C/min. The FID was set at 280 °C. 

The heptadecaenoic acid (C17:0) added as internal standard was used to calculate a 

relative weight percentage (wt%) by using the formula: 

               
               

                             
 

Where: 

FA area % = area percentage of an individual fatty acid identified in the RBC sample 

100 = factor to get a relative weight percentage 

Total FAs area % = area percentage of all the fatty acids identified in the RBC sample 

iSTD area % = area percentage of the internal standard added to the RBC sample 
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Statistical Analysis 

Statistical analysis was performed using Statistical Analysis Software (SAS, version 9.4). 

Descriptive statistics (mean, standard deviation, and range) were used to characterize our 

population. One-sample t test was used to assess if pregnant women were meeting the DHA 

dietary recommendation. Two-sample t test was used to determine differences in dietary intake 

between ethnic groups; and also to determine differences between pregnant women who were 

meeting the DHA recommendation and those who were not. Logistic regression analysis was 

used to determine if age, ethnicity, and socioeconomic status impacted achieving the dietary 

DHA recommendation of 200 mg DHA/day. Multi-source regression analysis was used to 

evaluate the effect of dietary DHA and categorical variables such as age, ethnicity, and 

socioeconomic status against the RBC DHA wt%. Level of significance was set at p ≤ 0.05. 
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CHAPTER 4 

RESULTS  

Twenty-one overweight (BMI = 25.0 – 29.9 kg/m
2
) pregnant women between 19 and 34 

years of age who were between 16.5 and 20 weeks of pregnancy were recruited to participate in 

the study. Pre-gravid BMI ranged from 25.18 to 29.35 kg/m
2
. Most of the pregnant women 

participating in the study were African Americans (62%), almost a third were Caucasians (29%), 

and two were Hispanics (9%) (Table 1). By evaluating the type of health insurance that 

participants had at enrollment, it was determined that 62% were of low socioeconomic status 

(SES). Sixty-two percent of the low income SES were comprised of 48% African Americans, 9% 

Caucasians, and 5% Hispanics. 

          Table 1. Characteristics of Study Subjects  

Characteristic 
Overweight pregnant women 

(n = 21) 

Ethnicity (n)  

African American  13 

Caucasian 6 

Hispanic 2 

Age (y)      25 ± 4.38
* 

Gestational age (weeks)      19 ± 1.19
* 

Pregravid BMI
**

 (kg/m
2
) 27.23 ± 1.60

* 

         
*
Mean ± SD. 

**
BMI, body mass index. 

In table 2 the dietary intake of subjects is presented as mean ± standard deviation. On 

average, overweight pregnant women were consuming 2,239 ± 371 kcal/day from which 22 ± 7 

g/day were coming from polyunsaturated fats (LA, ALA, AA, EPA, and DHA). Dietary intake of 

DHA was 72 ± 63 mg/day and EPA was 104 ± 158 mg/day; the combined DHA + EPA was 176 

± 219 mg/day. ALA intake was 1.95 ± 0.73 g/day which is eleven times the combined DHA + 

EPA. The most dominant FA in the diet was LA (19.26 ± 6.64 g/day). The calculated omega-

6:omega-3 ratio was 9:1. Using a one-sample t test it was determined that the total sample (n = 
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21) was not meeting the recommended dietary intake for pregnant women of at least 200 mg 

DHA/day (48) (p ≤ 0.05). On Appendix E a table with daily dietary intake separated by ethnic 

groups is presented. 

Table 2. Daily dietary intake of overweight pregnant women  

Nutrient 
Average daily intake 

(mean ± SD) 

Range 

(Min – Max) 

Energy (kcal) 2,239 ± 371  1,564 – 3,215 

Protein (g)  100 ± 26                59 – 154 

Carbohydrate (g)  268 ± 54 155 – 381 

Total fat (g)    87 ± 24   32 – 159 

Saturated fat (g)  29 ± 9 11 – 57 

Polyunsaturated fat (g)  22 ± 7   8 – 39 

Linoleic acid (g) – LA  19.26 ± 6.64   6.73 – 35.23 

α-Linolenic acid (g) – ALA     1.95 ± 0.73 1.04 – 4.10 

Arachidonic acid (mg) – AA   195 ± 94   58 – 413 

Eicosapentaenoic acid (mg) – EPA    104 ± 158     3 – 537 

Docosahexaenoic acid (mg) – DHA    72 ± 63     9 – 237 

omega-6/omega-3
* 

   9.14 ± 1.23   6.47 – 11.27 
*
omega-6/omega-3 = (LA + AA) / (ALA + EPA + DHA). 

 

Based on the total of one hundred and twelve 24-h dietary recalls for the 21 pregnant 

women, the main types of seafood consumed were shrimp, crawfish, crab, catfish, tilapia, and 

oysters. The top five sources of dietary DHA were crawfish, chicken, shrimp, eggs, and crab. 

Based on dietary intakes, only 5% (n = 1) pregnant women in this population were 

meeting the recommended intake of at least 200 mg of DHA/day (48). When considering 

supplemental DHA, the percentage of pregnant women meeting the recommended intake 

increased to 38% (n = 8) (p ≤ 0.05). [Mean ± SD and p-value were calculated based on 7 subjects 

because 1 subject was considered an outlier due to the high level of supplementation (1,000 

mg/day) compared to the other subjects in the study (246 ± 27 mg/day) (Table 3)]. The mean 

intake for pregnant women not meeting the recommended intake was 64 ± 52 mg of DHA/day. 
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For pregnant women who were consuming a supplement with DHA, although without meeting 

the recommended intake, the mean was 77 ± 59 mg of DHA/day. 

Table 3. Consumption of DHA by overweight pregnant women 

 
< 200 mg DHA/day 

(mean ± SD) 

≥ 200 mg DHA/day 

(mean ± SD) 
P value 

Dietary DHA (mg/day)  64 ± 52 (20)
* 

 

          p ≤ 0.05 

237
**

 (1)
* 

 

p ≤ 0.05 

Dietary + Supplemental DHA 

(mg/day) 

 77 ± 59 (13)
* 

          p ≤ 0.05 

246 ± 27 (8)
* 

           p ≤ 0.05 

p ≤ 0.05 

*
Number of subjects. 

**
Unique value. P values in a column represent a comparison of the mean ± 

SD against 200 mg DHA/day; P values in a row indicate difference between pregnant women 

who were meeting the DHA recommendation and those who were not. 

 At 16.5 – 20 weeks of pregnancy, 57% (n = 12) overweight pregnant women were 

supplementing with DHA. At this time point in their pregnancies, 43% (n = 9) overweight 

pregnant women did not report taking a supplement containing DHA (Table 4). 

             Table 4. Consumption of supplemental DHA at 16.5 – 20  

                    weeks of pregnancy 

DHA/day 
Overweight pregnant women 

(n = 21) 

< 100 mg 5 (24%) 

100 – 200 mg 6 (28%) 

> 200 mg                    1 (5%) 

No supplementation 9 (43%) 

                      

Table 5 shows the RBC fatty acid content as a relative weight percent of total fatty acids 

identified and quantitated (wt%). The average omega-6 and omega-3 RBC FA content of 

overweight pregnant women at 16.5 – 20 weeks of pregnancy was 11.06 ± 1.43 wt% of LA, 

17.62 ± 1.34 wt% of AA, 0.11 ± 0.04 wt% of ALA, 0.13 ± 0.04 wt% of EPA, and 8.48 ± 1.39 

wt% of DHA. The average omega-6/omega-3 ratio was 2.25 ± 6.92.  

Table 6 provides the omega-6 and omega-3 RBC FAs by ethnic groups. African 

Americans had significantly lower RBC DHA (7.98 ± 0.94 wt%) than Caucasians + Hispanics 

(9.29 ± 1.68 wt%) (p ≤ 0.05). There were no differences among ethnic groups for LA, AA, ALA, 
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and EPA (p > 0.05). The AA to DHA ratio was calculated; African Americans had a higher 

AA/DHA ratio (2.25 ± 6.95) compared to Caucasians + Hispanics (1.86 ± 5.67). 

          Table 5. RBC fatty acids of overweight pregnant women  

Fatty acid 
RBC fatty acid wt% 

(mean ± SD) 

C18:2n-6 – LA  11.06 ± 1.43  

C20:2n-6 – EA    0.33 ± 0.07  

C20:3n-6 – DGLA   1.44  ± 0.49  

C20:4n-6 – AA  17.62 ± 1.34  

Total LCPUFA n-6  19.39 ± 9.68 

C18:3n3 – ALA    0.11 ± 0.04  

C20:5n-3 – EPA    0.13 ± 0.04  

C22:6n-3 – DHA    8.48 ± 1.39  

Total LCPUFA n-3    8.61 ± 5.90 

n-6/n-3    2.32 ± 0.48 

          EA, eicosadienoic acid; DGLA, dihomo-gamma-linolenic acid; n-6,  

          omega-6; n-3, omega-3; n-6/n-3 =  total LCPUFA n-6 / total LCPUFA n-3. 

 

Table 6. Omega-6 and omega-3 RBC fatty acids (wt%) of overweight pregnant women among 

ethnic groups 

Fatty acid 
African Americans 

(mean ± SD) 

Caucasians + Hispanics 

(mean ± SD) 
P value 

C18:2n-6 – LA  11.55 ± 1.42   10.26 ± 1.10  NS 

C20:4n-6 – AA  17.82 ± 1.37   17.30 ± 1.31  NS 

Total n-6  29.37 ± 4.43  27.56 ± 4.98 --- 

C18:3n3 – ALA    0.11 ± 0.04     0.11 ± 0.03  NS 

C20:5n-3 – EPA    0.12 ± 0.04     0.14 ± 0.05  NS 

C22:6n-3 – DHA    7.98 ± 0.94     9.29 ± 1.68  p ≤ 0.05 

Total n-3    8.21 ± 4.54    9.54 ± 5.29 --- 

AA/DHA    2.27 ± 0.39    1.95 ± 0.53 NS 

n-6, omega-6; n-3, omega-3; NS, non significant. 

 

Using logistic regression analysis it was determined that neither age, ethnicity, nor SES 

(p > 0.05) affected the probability for women in this study of achieving the recommended dietary 

intake for pregnant women of 200 mg of DHA per day (48). Multi-source regression analysis 

revealed that only ethnicity affected the RBC DHA wt% (p ≤ 0.05). African Americans had an 

estimated predicted RBC DHA wt% lower value (-1.6236) compared to Caucasians + Hispanics. 
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The regression analysis corroborates results of the t test for ethnicity where African Americans 

had lower RBC DHA wt% compared to Caucasians + Hispanics (7.98 ± 0.94 versus 9.29 ± 1.68, 

respectively). In this relatively small population, age, intake (diet + supplement) and SES did not 

significantly affect the RBC DHA wt% (p > 0.05). 
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CHAPTER 5 

DISCUSSION 

 To our knowledge, this is the first study reporting on the fatty acid status, and specifically 

omega-3 LCPUFA status of overweight pregnant women in the greater Baton Rouge area. Other 

studies have reported FA status and omega-3 FA dietary intakes in pregnant women from 

different populations (54-61) but none of them have been focused on pregnant women with 

pregravid overweight. 

In the current study, dietary FA intake is in line with reports from our laboratory (10) 

where it was previously demonstrated that women of childbearing ages from Louisiana were not 

consuming enough DHA and EPA in their diets (mean ± SE, 66 ± 17 mg/day) and were not 

supplementing with omega-3 LCPUFAs. In the current study, at 16.5 – 20 weeks of pregnancy, 

57% (n = 12) pregnant women were supplementing with DHA. While not documented, it is 

likely that the reason for supplementation is because they are pregnant and a health care provider 

may have recommended taking a prenatal with DHA during their pregnancy.  

Previous studies have reported a low intake of DHA in pregnant women at mid-

pregnancy. Loosemore et al. (61) evaluated pregnant women with and without GDM who 

consumed 67 and 34 mg of DHA/day, respectively. Stark et al. (59) reported a consumption of 

81 mg of DHA per day for African American pregnant women, which is similar to our finding of 

72 mg of DHA per day, in our population who was 62% African Americans. On the other hand, 

some studies have reported high DHA intakes that are more in line with recommendations. Innis 

and Elias (55) reported 160 mg/day in pregnant Canadian women and De Vriese et al. (54) 

reported 300 mg/day in pregnant Belgian women. These higher intakes may have been 

influenced by the diet in those countries, which is different from the typical American diet that is 
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characteristically high in the amounts of saturated fats and low in the polyunsaturated fats (with 

higher intake of omega-6 than omega-3 PUFAs) consumed (62).  

With respect to ALA, the EFA that is a precursor for DHA, other researchers (55, 57-59) 

provide results similar to what we are reporting here: 1.95 ± 0.73 g/day. This amount is 

considerably higher than the recommended AI of ALA for pregnant women of 1.4 g/day (44). In 

the case for LA, compared to the other studies (55, 57-59, 61), our population was consuming 

more (19.26 ± 6.64 g/day). Additionally, the amount is above the recommended AI for pregnant 

women of 13 g/day (44).  

Although an optimal omega-6/omega-3 ratio has not been established, recommendations 

oscillate around 5:1 to 10:1 (15, 52). The omega-6/omega-3 ratio of 9:1 for our population of 

overweight pregnant women is in line with the recommendations, but hovers around the extreme 

upper limit. However, it is necessary to emphasize that pregnant women should be consuming 

more omega-3 FAs in their diet to supply the fetus for optimal growth and development (8, 25, 

31). Consuming more omega-3 FAs would reduce the 9:1 omega-6/omega-3 ratio. Donahue et al. 

(58) reported an 11:1 omega-6/omega-3 ratio in a prospective observational cohort study in 2009 

with 1,666 pregnant women from Massachusetts. The omega-6/omega-3 ratios mentioned here 

could give us an estimate about FA intake patterns of pregnant women from the U.S., where the 

omega-6/omega-3 ratio is at the limit of what has been recommended to date (5:1 to 10:1). 

Because seafood is the main dietary source of DHA, we explored the top five sources of 

DHA consumed by our population of overweight pregnant women in the current study. It was 

noticeable that crawfish was the main source of DHA in this Louisiana population. However, 

consumption of crawfish appeared to have been influenced by the crawfish season in Louisiana, 

and this observation suggests that pregnant women usually consume less DHA than what is 
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reported here. This needs to be further explored. Although it is well known that seafood is a good 

source of DHA and different institutions recommend its weekly intake (9, 46, 47), pregnant 

women in this study were consuming very little seafood other than crawfish. It is surprising that 

women from Louisiana were not consuming more seafood with the locale’s proximity to the 

coast and the availability of seafood in Louisiana. Additionally, many local dishes include 

seafood. Reasons for this warrants further exploration.  The question is posed: are pregnant 

women afraid of consuming fish because of warnings of methylmercury in fish that can harm the 

baby? Pregnant women might not be aware that there are many types of seafood that can be 

consumed during pregnancy as good sources of DHA with low methylmercury levels (salmon, 

white tuna, sea bass, trout, oysters, for example) (17). The question is posed: are health care 

providers addressing this issue during prenatal visits? 

The present study reveals that 95% (n = 20) of overweight pregnant women were not 

meeting the recommended dietary intake for pregnant women of at least 200 mg of DHA per day 

(48). The percentage was reduced to 62% (n = 13) when amounts provided by supplementation 

were included. It is alarming that although it is well documented that DHA is beneficial for 

pregnant women and their offspring, very few women in this limited population were consuming 

DHA in the amount recommended for pregnancy.  

Having determined that age, ethnicity, and SES did not affect the probability of achieving 

the recommended dietary intake for pregnant women of at least 200 mg of DHA per day, we 

suggest that pregnant women of the greater Baton Rouge area in general have very limited 

knowledge regarding the recommendation for inclusion of DHA during pregnancy. Thus, we 

advocate for nutrition education for women of childbearing ages with the intention that these 
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women will be prepared to supply their own needs, and most importantly fetal needs, at the time 

of conception. 

Women in our population had a RBC DHA wt% of 8.48. Other studies have reported 

lower values. Courville et al. (60) reported 4.75 wt% of RBC DHA in healthy pregnant women. 

Similarly, De Vriese et al. (54) and Donahue et al. (58) reported 4.8 and 4.74 wt% of RBC DHA, 

respectively. We speculate that the difference in RBC DHA wt% might have been influenced by 

supplementation. Those earlier studies (54, 58, 60) were conducted approximately around 6 to 13 

years ago when supplementation with DHA during pregnancy was not a common practice. 

Excess body weight could have also affected the FA metabolism in our population as we were 

evaluating overweight pregnant women. A possible explanation could be that mobilization of 

DHA from adipose tissue has occurred providing DHA for transfer to the fetus (63). Also, excess 

adipose tissue might have influenced enzyme activity during the elongation and desaturation 

process (64, 65), altering FA metabolism, resulting in higher DHA. 

Our results point to the role of ethnicity in the RBC DHA content. African Americans had 

lower RBC DHA (7.98 ± 0.94 wt%) compared to Caucasians + Hispanics (9.29 ± 1.68 wt%). A 

study conducted by Mathias et al. (66) revealed that African Americans have higher circulating 

levels of plasma AA than European Americans. The difference was accredited to genetic 

differences in the fatty acid desaturase (FADS) family of genes that increase the rate of 

conversion of LA to AA (omega-6 FAs) during the elongation and desaturation process. In our 

population, although the RBC ALA content was the same among ethnic groups [0.11 ± 0.04 wt% 

for African Americans and 0.11 ± 0.03 wt% for Caucasian + Hispanics (p > 0.05)] the RBC 

DHA content was lower in African Americans. This can be better understood by evaluating the 

AA/DHA ratio. African Americans had a higher AA/DHA ratio in RBC (2.25 ± 6.95) compared 
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to Caucasians + Hispanics (1.86 ± 5.67). Therefore, the results presented by Mathias et al. and 

our observations, allow us to hypothesize that FA metabolism could be different among ethnic 

groups, perhaps due to polymorphisms in the FADS that encode the Δ6 and Δ5 desaturase 

enzymes. Even though African Americans appear to have higher conversion rates for the omega-

6 FAs (LA to AA) during the desaturation and elongation process, it might be possible that 

genetic and physiological adaptations during the years have altered the efficiency for converting 

the omega-3 FAs (ALA to DHA). Thus, the efficiency rate during the elongation and 

desaturation of ALA to DHA might be less efficient in African Americans compared to 

Caucasians + Hispanics.   

A limitation of this study was the small population available (n = 21; 13 African 

Americans, 6 Caucasians, and 2 Hispanics). There was a wide range in dietary intakes reported 

for this limited population. Consequently, results should be interpreted with some caution. Future 

research will include a larger study population. 
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CHAPTER 6 

CONCLUSION 

 Nutrition during the perinatal period plays a key role for the infant. With the higher rates 

of obesity in the U.S., more women are entering pregnancy with excess weight which increases 

the risk for complications. It is well recognized that DHA is beneficial for the mother and the 

infant as it is necessary for optimal fetal growth and development. Experts recommended that 

pregnant women should consume at least 200 mg of DHA per day. Therefore, the aim of this 

study was to establish the DHA status in overweight pregnant women of Louisiana by 

determining the FAs of RBCs and estimating dietary intakes. Our results suggest that pregnant 

women at mid-pregnancy are not consuming enough DHA from their diet to meet the 

recommended intake; further, not all pregnant women are supplementing with DHA. Ethnicity 

might play a role in how DHA is metabolized in the body. Our results suggest that Caucasians + 

Hispanics are more efficient in converting the 18-carbon omega-3 FA, ALA, to DHA than 

African Americans.  

In conclusion, there is a need for nutrition education for pregnant women regarding the 

benefits of DHA during pregnancy. The aim is for DHA to be included in the diet on a routine 

basis or to be consumed as a supplement in order to meet the recommended intake of at least 200 

mg of DHA per day. Because fish is the main dietary source of DHA, pregnant women should 

also be encouraged to consume fish with high amounts of DHA. 

Further research will include a larger population of study to enrich the data presented 

here. Additionally, a population of normal weight pregnant women could be explored for future 

comparisons with the data from the current study. 

 

 



www.manaraa.com

35 

 

LITERATURE CITED 

1. Riffkin R. Colorado Springs residents least likely to be obese. May 28, 2015. Internet: 

http://www.gallup.com/poll/183257/colorado-springs-residents-least-likely-obese.aspx 

(accessed June 26, 2015). 

 

2. Institute of Medicine Accelerating progress in obesity prevention: solving the weight of 

the Nation 2012:4. Internet: https://iom.nationalacademies.org/~/media/Files/Report 

  %20Files/2012/APOP/APOP_rb.pdf (accessed June 26, 2015). 

 

3. Dietz WH. Critical periods in childhood for the development of obesity. Am J Clin Nutr 

1994;59(5):955-9. 

 

4. Reilly JJ, Armstrong J, Dorosty AR, Emmett PM, Ness A, Rogers I, Steer C, Sherriff A, 

for the Avon Longitudinal Study of P, Children Study T. Early life risk factors for obesity 

in childhood: cohort study. BMJ : Brit Med J 2005;330(7504):1357-. doi: 

10.1136/bmj.38470.670903.E0. 

 

5. Godfrey KM, Barker DJP. Fetal programming and adult health. Public Health Nutr 

2001;4(2b):611-24. 

 

6. Centers for Disease Control and Prevention. Pregnancy Complications. January 22, 2014. 

Internet: http://www.cdc.gov/reproductivehealth/maternalinfanthealth/pregcomplications. 

htm#n5 (accessed July 9, 2015). 

 

7. Institute of Medicine, Council NR. Weight Gain During Pregnancy: Reexamining the 

Guidelines. Washington, DC: The National Academies Press, 2009. 

 

8. Courville AB, Harel O, Lammi-Keefe CJ. Consumption of a DHA-containing functional 

food during pregnancy is associated with lower infant ponderal index and cord plasma 

insulin concentration. B J Nutr 2011;106(02):208-12. doi:10.1017/S0007114511000961. 

 

9. U.S. Department of Agriculture and U.S. Department of Health and Human Services. 

Dietary Guidelines for Americans, 2010. 7
th

 Edition, Washington, DC: U.S. Government 

Printing Office, December 2010. 

 

10. Gaitan AV, Thaxton CL, Ocampo AG, Guerra GG, Hamm CC, Drewery ML, Pinkston 

RIM, Lammi-Keefe CJ, and Durham HA. Risk Factors for Age-related Macular 

Degeneration (AMD) Appear Early in Life Among Female College-aged Students. 

American Oil Chemists’ Society. Orlando, FL, 2015 [abstract]. 

 

11. Thaxton CL, Drewery ML, Gaitan AV, Pinkston R, Seidemann E, Elkind-Hirsch K, 

Durham HA, and Lammi-Keefe CJ. DHA/EPA Consumption in Pregnant Women in 

Louisiana. Experimental Biology, 2015 [abstract]. 

 



www.manaraa.com

36 

 

12. Thompson JL, Monore MM, Vaughan LA. The Science of Nutrition. 3rd ed: Benjamin 

Cummings, 2013. 

 

13. Ross AC. Modern nutrition in health and disease. 11
th

 ed. Philadelphia : Wolters Kluwer 

Health/Lippincott Williams & Wilkins, 2012. 

 

14. Gropper SS, Smith JL, Groof JL. Advanced Nutrition and Human Metabolism. 5th ed: 

Cengage Learning, 2007. 

 

15. Smolin LA, Grosvenor MB. Nutrition: Science and Applications, 2nd ed: John Wiley & 

Sons, Inc., 2010. 

 

16. Coletta JM, Bell SJ, Roman AS. Omega-3 Fatty Acids and Pregnancy. Rev Obstet 

Gynecol 2010;3(4):163-71. 

 

17. Institute of Medicine. Seafood Choices: Balancing Benefits and Risks. Washington, DC: 

The National Academies Press, 2007. 

 

18. Barceló-Coblijn G, Murphy EJ. Alpha-linolenic acid and its conversion to longer chain 

n−3 fatty acids: Benefits for human health and a role in maintaining tissue n−3 fatty acid 

levels. Prog Lipid Res 2009;48(6):355-74. doi: http://dx.doi.org/10.1016/ j.plipres. 

2009.07.002. 

 

19. Brenna JT, Salem JrN, Sinclair AJ, Cunnane SC. α-Linolenic acid supplementation and 

conversion to n-3 long-chain polyunsaturated fatty acids in humans. Prostaglandins 

Leukot Essent Fatty Acids 2009;80(2–3):85-91. doi: http://dx.doi.org/10.1016/j.plefa. 

2009.01.004. 

 

20. Gebauer SK, Psota TL, Harris WS, Kris-Etherton PM. n−3 Fatty acid dietary 

recommendations and food sources to achieve essentiality and cardiovascular benefits. 

Am J Clin Nutr 2006;83(6):S1526-35S. 

 

21. Crawford MA, Williams G, Hassam AG, Whitehouse WL. Essential fatty acids and fetal 

brain growth. Lancet 1976;307(7957):452-3. doi: http://dx.doi.org/10.1016/S0140-

6736(76)91476-8. 

 

22. Crawford MA, Costeloe K, Ghebremeskel K, Phylactos A, Skirvin L, Stacey F. Are 

deficits of arachidonic and docosahexaenoic acids responsible for the neural and vascular 

complications of preterm babies? Am J Clin Nutr 1997;66(4):1032S-41S. 

 

23. Martinez M. Lipids in infant nutrition tissue levels of polyunsaturated fatty acids during 

early human development. J Pediatr 1992;120(4):S129-S38. doi: 

http://dx.doi.org/10.1016/S0022-3476(05)81247-8. 

 



www.manaraa.com

37 

 

24. Clandinin MT, Chappell JE, Leong S, Heim T, Swyer PR, Chance GW. Intrauterine fatty 

acid accretion rates in human brain: implications for fatty acid requirements. Early Hum 

Dev 1980;4(2):121-9. doi: 10.1016/0378-3782(80)90015-8. 

 

25. Herrera E. Implications of dietary fatty acids during pregnancy on placental, fetal and 

postnatal development - a review. Placenta 2002;23:S9-S19. doi: 

10.1053/plac.2002.0771. 

 

26. Crawford MA, Doyle W, Drury P, Lennon A, Costeloe K, Leighfield M. n-6 and n-3 

fatty acids during early human development. J Intern Med Suppl 1989;225(S731):159-69. 

doi: 10.1111/j.1365-2796.1989.tb01450.x. 

 

27. Haggarty P. Placental regulation of fatty acid delivery and its effect on fetal growth - a 

review. Placenta 2002;23, Supplement A(0):S28-S38. doi: http://dx.doi.org/10.1053/plac. 

2002.0791. 

 

28. Innis SM. Dietary omega 3 fatty acids and the developing brain. Brain Res 

2008;1237:35-43. doi: http://dx.doi.org/10.1016/j.brainres.2008.08.078. 

 

29. Smuts CM, Huang M, Mundy D, Plasse T, Major S, Carlson SE. A randomized trial of 

docosahexaenoic acid supplementation during the third trimester of pregnancy. Obstet 

Gynecol 2003;101(3):469-79. 

 

30. Carlson SE, Colombo J, Gajewski BJ, Gustafson KM, Mundy D, Yeast J, Georgieff MK, 

Markley LA, Kerling EH, Shaddy DJ. DHA supplementation and pregnancy outcomes. 

Am J Clin Nutr 2013;97(4):808-15. doi: 10.3945/ajcn.112.050021. 

 

31. Judge M, Harel O, Lammi-Keefe CJ. A docosahexaenoic acid-functional food during 

pregnancy benefits infant visual acuity at four but not six months of age. Lipids 

2007;42(2):117-22. doi: 10.1007/s11745-006-3007-3. 

 

32. Judge MP, Harel O, Lammi-Keefe CJ. Maternal consumption of a docosahexaenoic acid-

containing functional food during pregnancy: benefit for infant performance on problem-

solving but not on recognition memory tasks at age 9 mo. Am J Clin Nutr 

2007;85(6):1572-7. 

 

33. Judge MP, Cong X, Harel O, Courville AB, Lammi-Keefe CJ. Maternal consumption of a 

DHA-containing functional food benefits infant sleep patterning: an early 

neurodevelopmental measure. Early Hum Dev 2012;88(7):531-7. doi: 10.1016/j. 

earlhumdev.2011.12.016. 

 

34. Sacks GP, Seyani L, Lavery S, Trew G. Maternal C‐reactive protein levels are raised at 4 

weeks gestation. Hum Reprod 2004;19(4):1025-30. doi: 10.1093/humrep/deh179. 

 



www.manaraa.com

38 

 

35. Catalano PM. Increasing maternal obesity and weight gain guring pregnancy: the 

obstetric problems of plentitude. Obstet Gynecol 2007;110(4):743-4. doi: 

10.1097/01.AOG.0000284990.84982.ba. 

 

36. Chu SY, Callaghan WM, Kim SY, Schmid CH, Lau J, England LJ, Dietz PM. Maternal 

obesity and risk of gestational diabetes mellitus. Diabetes Care 2007;30(8):2070-6. doi: 

10.2337/dc06-2559a. 

 

37. Committee on Obstetric Practice. Obesity in Pregnancy. 549, January 2013. Internet: 

http://www.acog.org/Resources-And-Publications/Committee-Opinions/Committee-on-

Obstetric-Practice/Obesity-in-Pregnancy (accessed September 09, 2015). 

 

38. Chu SY, Bachman DJ, Callaghan WM, Whitlock EP, Dietz PM, Berg CJ, O'Keeffe-

Rosetti M, Bruce FC, Hornbrook MC. Association between obesity during pregnancy and 

increased use of health care. N Engl J Med 2008;358(14):1444-53. doi: 

doi:10.1056/NEJMoa0706786. 

 

39. Centers for Disease Control and Prevention. Severe maternal morbidity in the united 

states. January 22, 2014. Internet: http://www.cdc.gov/reproductivehealth/Maternal 

InfantHealth/SevereMaternalMorbidity.html#r1 (accessed September 09, 2015). 

 

40. Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB. Elevated c-reactive 

protein levels in overweight and obese adults. JAMA 1999;282(22):2131-5. doi: 

10.1001/jama.282.22.2131. 

 

41. Challier JC, Basu S, Bintein T, Minium J, Hotmire K, Catalano PM, Hauguel-de Mouzon 

S. Obesity in pregnancy stimulates macrophage accumulation and inflammation in the 

placenta. Placenta 2008;29(3):274-81. doi: http://dx.doi.org/10.1016/j.placenta. 

2007.12.010. 

 

42. Nelson DL, Cox MM. Lehninger Principles of Biochemistry. 4th edition ed: W. H. 

Freeman, 2004. 

 

43. Food and Agricultural Organization. Fats and fatty acids in human nutrition. Rome: 

United Nations, 2010:180. 

 

44. Institute of Medicine. Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty 

acids, cholesterol, protein, and amino acids (macronutrients). Washington, DC: The 

National Academies Press, 2005. 

 

45. Kris-Etherton PM, Grieger JA, Etherton TD. Dietary reference intakes for DHA and 

EPA. Prostaglandins Leukot Essent Fatty Acids 2009;81(2–3):99-104. doi: 

http://dx.doi.org/10.1016/j.plefa.2009.05.011. 

 

46. ChooseMyPlate.gov. Eat Seafood Twice a Week. September 1, 2015. Internet: 

http://www.choosemyplate.gov/ten-tips-eat-seafood (accessed August 13, 2015). 



www.manaraa.com

39 

 

47. American Hearth Association. The American Heart Association's Diet and Lifestyle 

Recommendations. August 2015. Internet: http://www.heart.org/HEARTORG/Getting 

Healthy/NutritionCenter/HealthyEating/The-American-Heart-Associations-Diet-and-

Lifestyle-Recommendations_UCM_305855_Article.jsp (accessed August 08, 2015). 

 

48. Koletzko B, Lien E, Agostoni C, Böhles H, Campoy C, Cetin I, Decsi T, Dudenhausen 

Joachim W, Dupont C, Forsyth S, et al. The roles of long-chain polyunsaturated fatty 

acids in pregnancy, lactation and infancy: review of current knowledge and consensus 

recommendations. J Perinat Med, 2008:5. 

 

49. Russo GL. Dietary n-6 and n-3 polyunsaturated fatty acids: from biochemistry to clinical 

implications in cardiovascular prevention. Biochem Pharmacol 2009;77(6):937-46. doi: 

http://dx.doi.org/10.1016/j.bcp.2008.10.020. 

 

50. Smuts C, Borod E, Peeples J, Carlson S. High-DHA eggs: feasibility as a means to 

enhance circulating DHA in mother and infant. Lipids 2003;38(4):407-14. doi: 

10.1007/s11745-003-1076-y. 

 

51. Martin C. Consumer education through the branding and marketing of eggs. Poultry 

International 2011:22-4 Internet: http://www.wattagnet.com/articles/10702-consumer-

education-through-the-branding-and-marketing-of-eggs (accesed September 20, 2015). 

 

52. Simopoulos AP, Leaf A, Salem N. Workshop on the Essentiality of and Recommended 

Dietary Intakes for Omega-6 and Omega-3 Fatty Acids. J Am Coll Nutr 1999;18(5):487-

9. doi: 10.1080/07315724.1999.10718888. 

 

53. Simopoulos AP. The importance of the ratio of omega-6/omega-3 essential fatty acids. 

Biomed Pharmacother 2002;56(8):365-79. doi: http://dx.doi.org/10.1016/S0753-

3322(02)00253-6. 

 

54. De Vriese SR, Matthys C, De Henauw S, De Backer G, Dhont M, Christophe AB. 

Maternal and umbilical fatty acid status in relation to maternal diet. Prostaglandins 

Leukot Essent Fatty Acids 2002;67(6):389-96. doi: http://dx.doi.org/10.1054/ 

plef.2002.0446. 

 

55. Innis SM, Elias SL. Intakes of essential n-6 and n-3 polyunsaturated fatty acids among 

pregnant Canadian women. Am J Clin Nutr 2003;77(2):473-8. 

 

56. Donahue SM, Rifas-Shiman SL, Gold DR, Jouni ZE, Gillman MW, Oken E. Prenatal 

fatty acid status and child adiposity at age 3 y: results from a US pregnancy cohort. Am J 

Clin Nutr 2011;93(4):780-8. doi: 10.3945/ajcn.110.005801. 

 

57. Innis SM, Friesen RW. Essential n−3 fatty acids in pregnant women and early visual 

acuity maturation in term infants. Am J Clin Nutr 2008;87(3):548-57. 

 



www.manaraa.com

40 

 

58. Donahue SMA, Rifas-Shiman SL, Olsen SF, Gold DR, Gillman MW, Oken E. 

Associations of maternal prenatal dietary intake of n-3 and n-6 fatty acids with maternal 

and umbilical cord blood levels. Prostaglandins Leukot Essent Fatty Acids 

2009;80(0):289-96. doi: 10.1016/j.plefa.2009.02.007. 

 

59. Stark KD, Beblo S, Murthy M, Buda-Abela M, Janisse J, Rockett H, Whitty JE, Martier 

SS, Sokol RJ, Hannigan JH, et al. Comparison of bloodstream fatty acid composition 

from African-American women at gestation, delivery, and postpartum. J Lipid Res 

2005;46(3):516-25. doi: 10.1194/jlr.M400394-JLR200. 

 

60. Courville AB, Keplinger MR, Judge MP, Lammi-Keefe CJ. Plasma or red blood cell 

phospholipids can be used to assess docosahexaenoic acid status in women during 

pregnancy. Nutr Res 2009;29(3):151-5. doi: http://dx.doi.org/10.1016/j.nutres. 

2009.02.005. 

 

61. Loosemore E, Judge M, Lammi-Keefe C. Dietary intake of essential and long-chain 

polyunsaturated fatty acids in pregnancy. Lipids 2004;39(5):421-4. doi: 10.1007/s11745-

004-1246-y. 

 

62. Ervin RB, Wright JD, Wang CY, Kennedy SJ. Dietary intake of fats and fatty acids for 

the United States population: 1999–2000. Adv data 2004;Nov8(348):1-6. 

 

63. Phinney SD, Davis PG, Johnson SB, Holman RT. Obesity and weight loss alter serum 

polyunsaturated lipids in humans. Am J Clin Nutr 1991;53(4):831-8. 

 

64. Koletzko B, Agostoni C, Carlson SE, Clandinin T, Hornstra G, Neuringer M, Uauy R, 

Yamashiro Y, Willatts P. Long chain polyunsaturated fatty acids (LC-PUFA) and 

perinatal development. Acta Paediatr 2001;90(4):460-4. doi: 10.1111/j.1651-

2227.2001.tb00452.x. 

 

65. Wijendran V, Bendel RB, Couch SC, Philipson EH, Thomsen K, Zhang X, Lammi-Keefe 

CJ. Maternal plasma phospholipid polyunsaturated fatty acids in pregnancy with and 

without gestational diabetes mellitus: relations with maternal factors. Am J Clin Nutr 

1999;70(1):53-61. 

 

66. Mathias RA, Sergeant S, Ruczinski I, Torgerson DG, Hugenschmidt CE, Kubala M, 

Vaidya D, Suktitipat B, Ziegler JT, Ivester P, et al. The impact of FADS genetic variants 

on ω6 polyunsaturated fatty acid metabolism in African Americans. BMC Genet 

2011;12:50-. doi: 10.1186/1471-2156-12-50. 

 

 

 

 



www.manaraa.com

41 

 

APPENDICES 

A. ADVERTISING BROCHURE 

 

 



www.manaraa.com

42 
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C. HEALTH HISTORY FORM 
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D. SEAFOOD SOURCES OF EPA + DHA 

 

Source: Seafood Choices: Balancing Benefits and Risks. Figure 7-6a. Example of estimated 

EPA/DHA (grams [g]) and methylmercury (microgram [μg]) amounts in one 3-ounce portion of 

seafood (17). 
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E. DAILY DIETARY INTAKE OF OVERWEIGHT PREGNANT WOMEN AMONG 

ETHNIC GROUPS 

Nutrient 
African Americans 

(mean ± SD) 

Caucasians + Hispanics 

(mean ± SD) 
P value 

Energy (kcal) 2,334 ± 362  2,086 ± 355  NS 

Protein (g)  109 ± 28  86 ± 13 p ≤ 0.05 

Carbohydrate (g)  267 ± 56  269 ± 56 NS 

Total fat (g)    93 ± 23    76 ± 22 NS 

Saturated fat (g)  29 ± 9  28 ± 9 NS 

Polyunsaturated fat (g)  25 ± 7  17 ± 5 p ≤ 0.05 

Linoleic acid (g) – LA  21.83 ± 6.60  15.09 ± 4.39 p ≤ 0.05 

α-Linolenic acid (g) – ALA     2.14 ± 0.83    1.64 ± 0.43 NS 

Arachidonic acid (mg) – AA   227 ± 98  144 ± 61 p ≤ 0.05 

Eicosapentaenoic acid (mg) – EPA    155 ± 185    21 ± 13 NS 

Docosahexaenoic acid (mg) – DHA    92 ± 73    40 ± 24 NS 

omega-6/omega-3
* 

   9.32 ± 1.22    8.86 ± 1.29 NS 
*
omega-6/omega-3 = (LA + AA) / (ALA + EPA + DHA); NS, non significant. 
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