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CHAPTER 4

In comparison to nonvegetarians, on average vegetarians have lower intakes of total fat and 
saturated fat, and similar or higher intakes of linoleic acid (LA, 18:2n-6) and alpha-linolenic acid 
(ALA, 18:3n-3).1 These dietary differences may explain the typically lower serum cholesterol lev-
els of vegetarians. However, concerns have been raised about the lack of long-chain omega-3 
polyunsaturated fatty acids (PUFA), eicosapentaenoic acid (EPA, 20:5n-3), and docosahexaenoic 
acid (DHA, 22:6n-3), found primarily in certain types of cold-water fatty fish, in vegetarian diets. 
EPA and DHA have potential protective effects against a number of conditions including sudden 
cardiac death, Alzheimer’s disease, and osteoporosis. Studies of neuronal functioning and visual 
acuity suggest that consumption of DHA may provide some advantage for infants; this may be 
an important benefit of breastfeeding because breast milk contains more DHA than unfortified 
infant formula. This chapter focuses on the essential fatty acids LA and ALA, and on EPA and 
DHA.

LA AND ALA

Functions of LA and ALA and Dietary Recommendations

Humans are unable to synthesize omega-6 or omega-3 fatty acids, so the parent fatty com-
pounds for each of these fatty acid categories, LA and ALA, respectively, are considered essential. 
They function as integral components of phospholipids and modulate cell function by acting as 
intracellular mediators of signal transduction or modulators of cell–cell interactions. They are 
required for growth, reproduction, maintenance of skin, and regulation of cholesterol metabo-
lism. Although essential fatty acid deficiency is rarely seen in humans, in animal models defi-
ciency produces reduced growth rate, dermatitis, infertility, depressed inflammatory responses, 
erythrocyte fragility, and liver and kidney abnormalities.2 Evidence for ALA’s essentiality in 
humans was first noted �30 years ago.3

Both LA and ALA appear to play roles in decreased risk of cardiovascular disease. LA con-
sumption in place of saturated fat leads to a reduction in serum total and LDL cholesterol even 
beyond that which would be expected from simply reducing dietary saturated fat.4 Higher LA 
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 LA and ALA 85

intakes are associated with lower blood pressure5 and a reduced risk of diabetes.6 ALA intake is 
associated with a reduced risk of coronary artery disease,7 myocardial infarction,8,9 and fatal heart 
disease.10,11 This risk reduction is due to multiple mechanisms including effects on platelet func-
tion, inflammation, endothelial cell function, arterial compliance, and ALA’s role in reducing 
arrhythmia.12 In the Nurses’ Health Study, women in the highest two quintiles of ALA intake 
(median 0.60% and 0.74% of energy) had a 38–40% reduced risk of sudden cardiac death.13 
ALA intake may be especially important when intakes of EPA and DHA are low.14

Although some meta-analyses have reported an increased risk of prostate cancer with higher 
intakes or blood levels of ALA,15,16 the relationship has been described as weak with heterogeneity 
across studies and the possibility of publication bias. Not all studies find this increased risk,17 
with one report18 finding no greater risk of developing prostate cancer in general but an increased 
risk of developing advanced prostate cancer with higher ALA intake. To add to the uncertainty, a 
recent meta-analysis reported a significantly decreased risk of prostate cancer in those consuming 
�1.5 g/d of ALA compared to those consuming lower amounts.19 This area requires more inves-
tigation, especially in those whose ALA intake is from plant sources. The source of ALA, whether 
from meat or from plant sources, does not appear to affect risk of prostate cancer.18

LA and ALA can be endogenously converted to longer carbon chain PUFA (Figure 4-1). LA, 
via conversion to arachidonic acid (AA), is the precursor to a variety of eicosanoids (thrombox-
anes, leukotrienes, prostaglandins, prostacyclins), some of which are proinflammatory, vasocon-
strictive, and/or promoters of platelet aggregation,20–22 whereas others are anti-inflammatory and 
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Figure 4-1  Metabolism of n-6 and n-3 fatty acids and eicosanoid production. Adapted from Arterburn et al.69
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86 CHAPTER 4 FATS

inhibit platelet aggregation.23–25 ALA, via conversion to EPA, is the precursor to the n-3 series 
eicosanoids, which are anti-inflammatory24 and tend to reduce coronary heart disease (CHD) risk 
and prevent arrhythmias and thrombosis.26 EPA can be further modified to produce DHA.

The Institute of Medicine (IOM) has established adequate intakes (AI) for both essential fatty 
acids. The AI for LA for adults is 12 g/d for women and 17 g/d for men. The AI for ALA is 1.1 
g/d for women and 1.6 g/d for men.27 The IOM has also set an acceptable macronutrient distri-
bution range (AMDR) for LA of 5–10% of energy and for ALA of 0.6–1.2% of energy.27 Up to 
10% of the AMDR for ALA can be from EPA and/or DHA (0.06–0.12% of energy).27 This rec-
ommendation is based on median consumption of EPA and DHA in the United States.

Because of concerns that high intakes of LA may limit conversion of ALA to EPA and DHA, 
contribute to overproduction of proinflammatory eicosanoids, and increase susceptibility of low-
density lipoprotein cholesterol (LDL-C) to oxidation,12,28 some groups have recommended 
intakes of omega-6 PUFAs that are lower than current U.S. recommendations.29 In contrast, the 
American Heart Association supports an intake of at least 5–10% of energy from omega-6-
PUFAs and states that “to reduce omega-6 PUFA intakes from their current levels would be more 
likely to increase than to decrease risk for CHD.”30 A rationale for this position is that the pro-
duction of AA from LA is tightly regulated so that even wide variations in dietary LA intake 
would not markedly alter tissue AA levels, inflammation, or other proatherogenic effects.31–33 In 
addition, questions have been raised about the extent and significance of LDL-C oxidation at 
higher LA intakes.30 The effect of LA on ALA conversion to EPA is discounted because of the 
already limited extent of this conversion.30 This effect, however, may be more significant in popu-
lations consuming little or no EPA or DHA.27

Dietary Intakes of LA and ALA

The median daily intake of LA in the United States is approximately 12 to 17 g for men and 9 
to 11 g for women.27 Food sources of LA include nuts, seeds, and vegetable oils such as soybean, 
corn, safflower, and sunflower oil. LA accounts for 85–90% of dietary omega-6 fatty acid intake.30

Median daily ALA intakes in adults in the United States are approximately 1.2 to 1.6 g for 
men and 0.9 to 1.1 g for women.27 Sources of ALA include flaxseed, flaxseed oil, canola oil, 
hempseed oil, soybean oil, and walnuts. Although flaxseed oil is much higher in ALA than soy-
bean oil, the largest source of ALA in the U.S. diet is soybean oil because it is consumed so 
extensively.34

Vegetarian LA and ALA Intake and Status

LA requirements are easily met even by vegetarians on relatively low-fat diets, as the LA intake 
of vegetarians is often at or above the AI.1, 35–40 (Appendix F). Although there are few rich plant 
sources of ALA, data indicate that vegetarian intake is typically at or above the AI for 
ALA.1,35,37,38,40–44

The proportion of LA in platelets, erythrocytes, and plasma lipid fractions is typically higher 
in vegetarians and vegans than in nonvegetarians.39,40,45–49 The proportion of ALA in vegetarians 
and vegans is higher39,47,50 or similar to nonvegetarians.40,49
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 LA and ALA 87

Meeting Recommendations for Essential Fatty Acids with Vegetarian Diets

Table 4-1 provides information on vegetarian sources of LA and ALA and the amounts of each 
food source that would be needed to meet the AI for ALA. By choosing a variety of foods, includ-
ing plant oils, nuts, seeds, and vegetables, vegetarians can have adequate intakes of both LA and 
ALA. Even relatively small amounts of specific foods that are high in ALA can be used to meet 
the AI for this fatty acid. For example, a little more than half a teaspoon of flaxseed oil or 1¼ 
tablespoons of canola oil would supply the AI for ALA for an adult man.

Food

LA 

Content (g)

ALA 

Content (g)

Amount needed 

to provide 

1.6 g ALA*

Amount needed 

to provide 

1.1 g ALA*

Oils (1 tbsp)

Almond oil 2.366 0

Apricot kernel oil 3.985 0

Avocado oil 1.754 0.134 12 tbsp 8 tbsp.

Canola oil 2.61 1.279 1.25 tbsp 0.9 tbsp

Corn oil 7.239 0.158 10 tbsp 7 tbsp

Cottonseed oil 7.004 0.027 59 tbsp 41 tbsp

Flaxseed oil 1.727 7.249 0.2 tbsp 0.15 tbsp

Grapeseed oil 9.466 0.014 114 tbsp 79 tbsp

Hazelnut oil 1.374 0

Hempseed oil 7.98 2.24 0.7 tbsp 0.5 tbsp

Mustard oil 2.146 0.826 1.9 tbsp 1.3 tbsp

Olive oil 1.318 0.103 15.5 tbsp 10.7 tbsp

Palm oil 1.238 0.027 59 tbsp 41 tbsp

Peanut oil 4.320 0

Poppy seed oil 8.486 0

Rice bran oil 4.542 0.218 7.3 tbsp 5 tbsp

Safflower oil 1.952 0

Sesame oil 5.617 0.041 39 tbsp 27 tbsp

Soybean oil 6.857 0.923 1.7 tbsp 1.2 tbsp

Sunflower oil, high 
oleic

0.505 0.027 59 tbsp 41 tbsp

Walnut oil 7.194 1.414 1.1 tbsp 0.8 tbsp

Wheat germ oil 7.453 0.938 1.7 tbsp 1.1 tbsp

Nuts and Seeds (2 tbsp) 

Black walnuts 5.160 0.312 0.6 cup 0.4 cup

English walnuts 5.668 1.352 2.4 tbsp 1.6 tbsp

Table 4-1  LA and ALA Content of Foods

(Table 4-1.  continued)
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88 CHAPTER 4 FATS

Food

LA 

Content (g)

ALA 

Content (g)

Amount needed 

to provide 

1.6 g ALA*

Amount needed 

to provide 

1.1 g ALA*

Flax seeds, ground 0.826 3.194 1 tbsp 0.7 tbsp

Flax seeds, whole† 1.216 4.700 0.7 tbsp 0.5 tbsp

Pumpkin seeds 2.862 0.016 12.5 cups 8.6 cups

Fruits and Vegetables

Avocado, ½ cup 1.248 0.080 10 cups 7 cups

Broccoli rabe, 
cooked, 1 cup

0.034 0.221 7,2 cups 5 cups

Broccoli, Chinese, 
cooked, 1 cup

0.067 0.227 7 cups 4.8 cups

Broccoli, cooked, 
1 cup

0.080 0.186 8.6 cups 5.9 cups

Collards, cooked, 
1 cup

0.133 0.177 9 cups 6.2 cups

Kale, cooked, 1 
cup

0.103 0.134 11.9 cups 8.2 cups

Soy Products

Soy burger, 1 patty 1.358 0.057 28 patties 19 patties

Soybeans, 1 cup 7.680 1.029 1.6 cup 1.1 cups

Soy nuts, 2 tbsp 2.610 0.350 9 tbsp 6 tbsp

Tempeh, ½ cup 2.981 0.183 4.4 cups 3 cups

Tofu, firm, ½ cup 2.013 0.228 3.5 cups 2.4 cups

Animal Products

Egg, 1 large 0.574 0.017 94 eggs 65 eggs

Milk, 1 cup 0.066 0.010 160 cups 110 cups

Fortified Foods

Flax cereal, ¾ cup 1.300 0.091–1.000 2–23 cups 1.5–16 cups

Margarine with 
flaxseed oil, 1 tbsp

1.952 0.474 3.4 tbsp 2.3 tbsp

Mayonnaise with 
flaxseed oil, 1 tbsp

1.1 0.500 3.2 tbsp 2.2 tbsp

Peanut butter with 
flaxseed oil, 1 tbsp

0.650 0.500 3.2 tbsp 2.2 tbsp

*1.6 g and 1.1 g are the AI for ALA for men and women, respectively.

†Whole flaxseeds are not well digested; their alpha-linolenic acid has low bioavailability.153

Source: Data from USDA National Nutrient Database for Standard Reference, Release 22, 2009 and 
manufacturers’ information.

(Table 4-1  Continued)
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 EPA and DHA 89

Animal studies suggest that LA can actually be synthesized in humans from the fatty acid hexa-
decadienoate (16:2 n-6), which represents 1–2% of total fatty acids in common edible green vege-
tables including broccoli and spinach, and ALA can be synthesized from the fatty acid 
hexadecatrienoate (16:3 n-3), which is present in edible green vegetables at up to 14% of total fatty 
acids.51 The endogenous synthesis of these essential fatty acids could play a role in populations con-
suming vegetarian diets,52 although no information is available on rates of synthesis in humans.

ARACHIDONIC ACID

Arachidonic acid (AA) can be endogenously produced through the desaturation and elonga-
tion of LA, similar to the way that EPA is made from ALA. Rates of conversion of LA to AA are 
very low; �0.1% of dietary LA is converted to AA.53 Typical intake of AA by nonvegetarians is 
limited (approximately 150 mg/d) and mainly comes from meat, eggs, and some fish.30 Although 
plant foods do not contain AA and intakes of AA by vegans have been reported as nondetect-
able,37 it is not clear that AA tissue or serum content in vegetarians is different from that of non-
vegetarians. Some studies show that tissues or cells from vegetarians and vegans contain a lower 
proportion of AA,39,45,47,50 whereas others show little or no difference between vegetarians or veg-
ans and nonvegetarians.39,40,49

Two intervention studies demonstrate the conflicting nature of this literature; in one, AA lev-
els were reduced significantly when omnivore subjects were placed on a vegan diet for 3 to 5 
months after an initial 7- to 10-day fast, but levels returned to their initial values when subjects 
consumed a lacto vegetarian diet.54 In the other study, when meat eaters were placed on a vegetar-
ian diet, AA levels increased.55

EPA AND DHA

Recently, calls have been made for the IOM to establish specific recommendations for the 
individual long-chain omega-3 fatty acids DHA and EPA.56,57 New evidence of DHA and EPA’s 
effects on risk of fatal CHD as well as limited conversion of ALA to DHA and EPA have been 
proposed as a rationale for establishing Dietary Reference Intakes (DRIs) for these fatty acids.56

In 2002, the IOM concluded that only limited data were available to define a DRI for EPA and 
DHA. EPA and DHA are not currently considered essential nutrients because EPA can be synthe-
sized from ALA, and DHA from EPA (DHA can be retroconverted into EPA)52,58–60 (Figure 4-1). 
DHA is believed to be important for brain development and retinal function61–63 and possibly for 
reproduction.64 EPA and DHA reduce the risk of cardiac mortality.56 Depressed DHA levels have 
been seen in those with Alzheimer’s disease,65 depression,66 attention deficit disorder,67 and schizo-
phrenia.68 DHA is found in low levels in most cells of the body, in higher levels in sperm and testes, 
and in very high levels in the brain and retina.69 Adipose tissue stores of EPA and DHA are very 
low, suggesting a limited storage of these fatty acids and a need for a regular dietary supply.69

Effects of EPA and DHA on CHD

Initial speculation about the cardiovascular benefits of omega-3 fatty acids stemmed from the 
observation that Eskimos, who consume a diet that is high in omega-3 fatty acids, have a very 
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90 CHAPTER 4 FATS

low rate of CHD despite high total fat intakes.70 The Greenland Eskimos consume as much as 10 
to 11 g of omega-3 fatty acids per day,71 much more than the 0.8 g/d, and 0.1 to 0.2 g/d con-
sumed by Danish whites 71 and persons in the United States, respectively. 72 Cardioprotective 
effects of DHA and EPA include decreased risk of arrhythmia,73 lower plasma triglyceride levels,74 
reduced inflammatory responses,75 improved endothelial function,76 reduced heart rate,77 and 
reduced platelet aggregation.78,79 EPA and DHA supplementation has reduced blood pressure in 
hypertensive individuals.75 High doses of EPA � DHA (3 to 4 g/d) appear effective in treatment 
of severe and moderate hypertriglyceridemia.74 These mechanisms, especially the reduction in car-
diac arrhythmias, are likely to account for the reduced risk of sudden cardiac death associated 
with higher intakes of DHA and EPA.12,56 Other roles of DHA � EPA in cardiovascular disease 
such as effects on atherosclerosis progression and a reduction in risk of nonfatal events and stroke 
are less definitive compared with EPA and DHA’s effects on cardiac mortality.56,80

Several intervention studies have demonstrated the benefits of omega-3 fatty acids for reduc-
ing chronic disease risk.81–83 For example, in the GISSI Prevenzione trial, patients suffering a pre-
vious myocardial infarction who were given 1 g of omega-3 PUFAs (EPA � DHA from fish oil) 
per day experienced a 45% reduced risk of sudden cardiac death over a 3.5-year period in com-
parison to the placebo group.81

One group estimates that cardiac mortality is reduced by approximately 35% from moderate 
EPA and DHA consumption in the range of 250 to 500 mg/d.56 Intakes of approximately 500 
mg/d appear to provide the greatest protection according to a recent meta-analysis limited to pro-
spective studies in the United States.84

Other Health Effects of EPA and DHA

A number of studies and a recent meta-analysis have found that fish and foods rich in omega-3 
fatty acids were associated with a reduced risk of age-related macular degeneration.85 Some stud-
ies suggest that this association is strongest in those consuming lower amounts of LA.86,87 At this 
point, results, although promising, do not provide enough evidence to develop recommendations 
for EPA and DHA based on their potential role in preventing age-related macular degeneration.85

Chapter 11 provides information on DHA’s role in pregnancy outcome, cognitive develop-
ment, and visual development.

Interest in DHA’s role in reduction of the risk of dementia and Alzheimer’s disease arose 
because DHA is concentrated in many of the most active areas of the brain, and DHA content of 
the brain decreases with age in animals.56 Epidemiologic studies have found that higher DHA 
intakes are associated with a lower risk of Alzheimer’s disease,88 and higher DHA � EPA intakes 
were associated with a postponement of cognitive decline in elderly men.89 Higher plasma EPA 
and DHA levels or EPA levels alone have been associated with a marked reduction in risk of 
developing dementia and a lower decline in verbal fluency.65,90,91 One randomized controlled trial 
found some positive effects of supplemental EPA and DHA in patients with very mild Alzhei-
mer’s disease, although overall little effect was seen.92 Additional trials are being conducted.56

Omega-3 fatty acids may play a role in treatment of depressive illness, although study results 
are inconsistent. For example, a meta-analysis of 12 randomized trials of omega-3 fatty acids in 
treatment of depression found little evidence of benefit.93 Another meta-analysis of 10 double-
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 EPA and DHA 91

blind, placebo-controlled trials of omega-3 fatty acid in treatment of mood disorders found a sig-
nificant antidepressive effect.94 Weighted analysis of omega-3 status in those with mental health 
problems found no significant differences from controls.95

Omega-3 fatty acids, mainly DHA, also appear to play a role in osteoporosis prevention, 
although there have only been limited studies in this area.96

Recommendations for EPA and DHA

The DRI report published in 2002 did not include a recommended dietary allowance for EPA 
or DHA but did state that up to 10% of the AMDR for ALA can be from EPA and/or DHA 
(0.06–0.12% of energy).27 This range was based on median consumption of EPA and DHA in 
the United States.

Many expert groups and health agencies have issued recommendations for these omega-3 fatty 
acids or for fish intakes to provide EPA and DHA. Table 4-2 provides examples of these recom-
mendations. Typically, recommendations are near 500 mg/d with higher amounts sometimes rec-
ommended for secondary prevention of CHD.97

Dietary Intakes of EPA and DHA

The median intake of EPA by adults in the United States ranges from 4 mg/d to 7 mg/d; 
median DHA intakes are between 66 mg/d and 93 mg/d for men and 52 mg/d to 69 mg/d for 
women.27

ALA EPA � DHA

Total Omega-3 

Fatty Acids

Total Omega-6 

Fatty Acids

U.S. Dietary Reference 
Intakes27 

1.6 g/d Men 
1.1 g/d Women

0.06–0.12% of 
calories

0.6–1.2% of 
calories

5–10% of 
calories

American Heart Association154 450–500 mg* At least 5–10% 
of calories30

American Dietetic Association 
and Dietitians of Canada12

0.6–1.2% of 
calories 

500 mg/d 3–10% of 
calories

United Kingdom155 450–500 mg*

Australia and New Zealand156 1.3 g/d men 
0.8 g/d women 

610 mg/d men 
430 mg/d women

4–10% of 
calories

The Netherlands157 450–500 mg*

FAO/WHO158 450–500 mg* 1–2% of 
calories

5–8% of 
calories

*Estimated amount of EPA � DHA in 2 servings of fish, preferably fatty fish, per week

Table 4-2  Examples of Recommendations for Omega-3 and Omega-6 Fatty Acid Intakes 

for Healthy Adults
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92 CHAPTER 4 FATS

EPA (mg) DHA (mg)

Animal Products

Egg, 1 large 2 0

Eggs from chickens fed flax,120 1 egg 60–100

Eggs from chickens fed microalgae,120 1 egg 100–150

Sea Vegetables

Dulse, dried, 8 g159 86.8

Kelp, dried, 8 g159 63.4

Kelp, raw, 1/2 cup 0.2 0

Nori, dried, 8 g159 198.2

Nori, raw, 1 sheet 0.2 0

Sea lettuce, dried, 8 g160 2.4 7.1

Sea spaghetti, dried, 8 g159 42.7

Wakame, dried, 8 g159 79.2

Wakame, raw, ¼ cup 74 0

Foods fortified with microalgae-derived DHA

DHA-fortified cheese, 1 ounce 0 32

DHA-fortified energy bar, 1 0 50

DHA-fortified juice, 1 cup 0 50

DHA-fortified kefir beverage (dairy), 1 cup 0 32

DHA-fortified milk (dairy), 1 cup 0 32

DHA-fortified canola or olive oil, 1 tbsp 0 25–32

DHA-fortified powdered drink mix, 1 packet 0 100

DHA-fortified soymilk, 1 cup 0 32

DHA-fortified yogurt (dairy), 6 oz 32

Vegan Supplements

Vegan DHA supplement, 1 capsule or soft gel 200–300

Vegan DHA supplement, liquid, 1 dropper 300

Vegan EPA � DHA supplement, 1 soft gel or capsule 10–50 300–350

Source: Data from USDA National Nutrient Database for Standard Reference, Release 22, 2009 
and manufacturers’ information except where otherwise identified.

Table 4-3  DHA and EPA Content of Vegetarian Foods
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 Endogenous Synthesis of Long-chain Pufa 93

These intakes are based on dietary records and do not include supplements of EPA, DHA, or 
fish oil. Typically fish oil supplements are higher in EPA, whereas fish provides more DHA.56 
DHA and EPA both appear to be beneficial in terms of reductions of risk; it is not possible at this 
time to conclude whether the effects are due to primarily to DHA or to EPA or to a specific ratio 
of these two fatty acids. A ratio of EPA to DHA between 1:2 and 2:1 has been suggested.56

Vegetarian DHA and EPA Sources and Intake

Mann et al reported mean daily DHA intakes by moderate meat eaters, lacto-ovo vegetarians, 
and vegans in Australia to be 70 mg, 10 mg, and 0 mg, respectively, and EPA intakes among 
these same groups to be 40 mg, 0 mg, and 0 mg.39 Lacto-ovo vegetarian DHA intake was mainly 
from eggs. Several other studies including those in the United Kingdom1,37 and Austria40 have 
reported that vegans have very low or no detectable dietary EPA or DHA. DHA intakes of lacto-
ovo vegetarians are slightly higher, but EPA intakes are often undetectable.

Vegetarian food sources of DHA and EPA typically contain limited amounts of these fatty 
acids and include sea vegetables, eggs, and foods fortified with microalgae-derived DHA. (Table 
4-3). Sea vegetables mainly provide EPA; there is little information available on their DHA con-
tent. Foods fortified with microalgae-derived DHA typically contain 30 to 50 mg of DHA per 
serving. Microalgae-derived DHA is vegan, although it may be added to nonvegan as well as non-
vegetarian foods.

Vegetarian EPA and DHA Status

Most studies have found the proportion of EPA and DHA in blood and/or tissues to be lower in 
both lacto-ovo vegetarians and vegans compared to nonvegetarians1,39,40,45–49 DHA proportions in 
erythrocytes, plasma, serum, platelet phospholipids, and erythrocyte phosphatidyl ethanolamine are 
typically �50% lower in vegans than in nonvegetarians.1 DHA proportions in nonvegan vegetari-
ans are also lower than in nonvegetarians although typically not as low as in vegans.1

Harris and von Schacky98 proposed an “omega-3 index” based on the proportion of erythro-
cyte fatty acids as EPA � DHA. An omega-3 index of �8% was designated a cardioprotective 
target level, and an index of �4% was associated with the greatest risk of death from CHD. Two 
studies suggest that the estimated omega-3 index in vegans is �4%, whereas that of nonvegetar-
ian controls is �4% but not at the cardioprotective target.46,99

Limited research suggests that DHA levels are lower in pregnant vegetarian women and in 
cord blood than in nonvegetarians.41,48 Reddy et al found lower levels of DHA in breast milk of 
vegetarian women compared to omnivore women, although levels were higher than in unfortified 
infant formula.48

ENDOGENOUS SYNTHESIS OF LONG-CHAIN PUFA

As Figure 4-1 indicates, EPA and DHA can be endogenously produced from ALA. A key 
question is whether or not this endogenous conversion is sufficient to meet needs. Nearly 20 
studies of ALA conversion to EPA and DHA indicate that, generally, only about 5% of ALA is 
converted to EPA and �0.5% of ALA is converted to DHA.53,100 Premenopausal women have 
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94 CHAPTER 4 FATS

been shown to convert more ALA to EPA (2.5-fold more) and DHA (�200-fold more) than 
similarly aged men.101 This is believed to be due to estrogen’s effect on increasing the activity of 
the pathway and may help to explain the higher conversion rates seen in pregnancy.100 During 
lactation, ALA supplementation does not appear to increase breast milk DHA levels, suggesting 
that conversion rates are not increased in lactation.102

Vegan diets are devoid of DHA, so the DHA found in blood and tissue of long-term vegans 
must be produced from dietary ALA. Based on the low endogenous synthesis rates of DHA that 
have been reported in nonvegetarians, vegans might be expected to have clinical symptoms of 
DHA deficiency; however, this does not seem to occur.53 Vegans have low but stable plasma levels 
of DHA49,50 that do not appear to fall according to the duration of a vegan diet,49 suggesting there 
is some basal rate of conversion of ALA to DHA.1 Additionally, vegans do not seem to markedly 
increase DHA production in response to ALA supplementation.103 A lower rate of beta-oxidation 
of DHA in vegans has been proposed as one possibility to help explain their relative resistance to 
DHA deficiency.53 This is certainly an area where additional research is needed.

The synthesis of EPA and DHA is affected by a number of dietary and metabolic factors. A 
major factor may be either total LA intake or the LA-to-ALA ratio in the diet. This will be dis-
cussed in later sections. Inadequate intakes of zinc, iron, and pyridoxine104 may impair the syn-
thesis of EPA and DHA. In addition, gestational diabetes appears to affect maternal synthesis of 
omega-3 fatty acids.41,105

ENHANCEMENT OF VEGETARIAN DHA AND EPA STATUS

Vegetarians have been shown to have intakes of DHA and EPA that are typically lower than 
the amounts being recommended for optimal health and to have lower proportions of these fatty 
acids in blood and tissue than nonvegetarians. A number of possible alternatives could potentially 
increase vegetarians’ blood and tissue concentrations of DHA and EPA. These include indirect 
supplementation through increased intake of ALA, enhanced endogenous synthesis through a 
reduction in trans-fat intake along with reduced total LA intake or an altered ratio of LA to ALA, 
and direct supplementation.

ALA supplementation

One possible way to increase DHA and EPA synthesis is to provide more of the precursor fatty 
acid, ALA. It may not be possible, however, to ingest sufficient ALA to achieve blood and tissue 
levels of DHA � EPA at a cardioprotective target level. In observational studies of both vegetari-
ans and nonvegetarians, intakes of ALA ranging from �1 g/d to �18 g/d result in larger propor-
tions of EPA in plasma and cell lipids but no higher DHA proportions.69,100,106,107

Supplementation studies in which vegetarian diets are supplemented short term with ALA 
show some effect on EPA but not on DHA concentrations. For example, Li et al found that in 
response to a high-ALA diet in which vegetarian subjects consumed 15.4 g ALA/d for 6 weeks, 
the proportion of EPA in platelet phospholipids, plasma phospholipids, and plasma triacylglycer-
ols increased while DHA remained unchanged.43 Specifically, platelet phospholipid EPA increased 
from 0.2% to 0.5% of total fatty acids, plasma phospholipid EPA increased from 0.4% to 1.4%, 
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 Enhancement of Vegetarian DHA and EPA Status 95

and plasma triacylglycerol EPA increased from 0.1% to 0.4%.43 Sanders and Younger gave vegan 
subjects 6.5 g/d of ALA from flaxseed oil for 2 weeks and found an increase in plasma EPA but 
no effect on plasma DHA or platelet EPA or DHA.108 Fokkema et al gave vegans 2 g of ALA 
from flaxseed oil for 4 weeks. No significant effect on EPA or DHA levels was seen.103

These limited results may be due to a buffering effect of the comparatively high stores of LA 
in adipose tissue that limit the efficacy of short-term manipulation of the relative amounts of 
LA and ALA.1 In addition, due to the larger size of the plasma DHA pool compared to that of EPA, 
a longer time may be needed to detect changes in DHA levels following ALA supplementation.107 
Sanders concludes that longer-term, randomized controlled studies with a diet reduced in LA are 
needed in vegetarians.1 At this point, however, ALA supplementation does not appear to mark-
edly increase DHA and EPA levels.

An additional consideration is that, at an estimated conversion rate of 0.5% for ALA to DHA, 
even with a daily intake of 1000 mg of ALA, only about 5 mg/d of DHA would be produced, 
considerably below intakes that are recommended.53 Even with conversion rates of 10%, a rate 
higher than has been seen in published studies, a daily intake of ALA of 2000 mg would be 
needed to produce even 200 mg of DHA.53

ALA supplementation, although apparently not effective at increasing DHA levels, may offer 
other benefits. In the Health Professionals Follow-up Study, in men with little or no EPA or 
DHA intake, each 1 g/d of ALA intake was associated with a 58% lower risk of nonfatal myocar-
dial infarction and a 47% lower risk of total heart disease and of sudden death. These benefits 
were not seen in men with higher EPA and DHA intakes.14 These results may be particularly rel-
evant for those eating vegetarian diets.

Despite some positive findings, randomized controlled trials of ALA in cardiovascular dis-
ease10,81,109 are limited in number and in quality, leaving many questions about ALA’s ability to 
replace DHA � EPA in reducing risk of cardiac death.110

In addition, ALA may not duplicate all of the biologic effects of the longer chain omega-3 
fatty acids. For example, ALA does not lower triglyceride levels, whereas long-chain omega-3 fatty 
acids do.111 Also, fish intake and DHA and EPA intake were found to be associated with a 
reduced risk of developing macular degeneration,85 whereas ALA intake was associated with an 
increased risk.112 However, this may be because dairy and animal products are often the biggest 
contributors of ALA to the diet.113,114 Finally, ALA does not appear as effective as DHA and EPA 
in terms of anti-inflammatory effects.115

Reports of a link between higher intakes or higher blood levels of ALA and prostate cancer15,16 
are concerning and suggest that further research is required before making strong recommenda-
tions, especially for those at risk of prostate cancer, to increase ALA intakes.

Altered LA Intake

Dietary modifications have been proposed as a means to increase the rate of conversion of 
ALA to DHA and EPA. The rate-limiting step in the conversion of ALA to EPA and DHA is the 
reaction involving �6-desaturase (Figure 4-1). The affinity of this desaturase is greater for ALA 
than for LA, but higher concentrations of LA result in more conversion of LA to AA and a 
reduced conversion of ALA to EPA and DHA.100 Proposed dietary modifications center on a 
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96 CHAPTER 4 FATS

reduced dietary ratio of LA to ALA (achieved by decreasing LA intake or increasing ALA intake 
or both) and a reduced total intake of LA (with less focus on the LA-to-ALA ratio).

Some studies argue that a lower LA intake or a lower LA-to-ALA ratio will enhance synthe-
sis of DHA and EPA from ALA. For example, Ezaki et al found that when elderly Japanese 
subjects switched from soybean oil to perilla oil (high in ALA), causing the LA-to-ALA ratio to 
go from 4:1 to 1:1, serum EPA, but not DHA increased after 3 months. Ten months were 
needed to see a 21% increase in DHA.116 This study was rather unique because the LA-to-ALA 
ratio was so low and because of its long duration. Goyens et al117 decreased the LA-to-ALA ratio 
of a control diet from 19:1 to 7:1 by either reducing LA while keeping ALA constant or by 
increasing ALA while keeping LA constant. The rate of conversion of ALA to EPA and DHA 
increased compared to the control diet when dietary ALA was increased while keeping LA con-
stant but did not change when LA was reduced but ALA was kept constant. These results sug-
gest that the amount of ALA and LA influence ALA conversion to EPA and DHA rather than 
the ratio of LA to ALA.

Other studies only find positive effects on the conversion of ALA to EPA but not on con-
version to DHA with lower intakes of LA. Hussein et al reported increased phospholipid EPA 
but no change in DHA when the LA-to-ALA ratio went from 27.9:1 to 0.5:1.118 In addition, 
Liou et al found that while plasma EPA content was reduced when dietary LA was increased 
from 3.8% to 10.5% of energy and the ratio of LA-to-ALA went from 4:1 to 10:1, DHA was 
unaffected.119

Although some have downplayed the reduction of dietary LA as a strategy to promote 
increased EPA and DHA production from ALA,30 this reduction may offer benefits in those with 
few or no dietary sources of EPA and DHA,27 as is typical of both vegetarian and vegan diets. 
Because of the need for enhanced conversion of ALA to DHA and EPA, vegetarians and vegans 
may benefit from an LA-to-ALA ratio that is toward the lower end of recommended ranges (5:1 
to 10:1 are often suggested as reasonable ranges). Davis and Kris-Etherton120 have suggested a 
ratio of 2:1 to 4:1 as optimal for vegetarians and others not consuming preformed EPA and 
DHA. As shown in Appendix F, the LA-to-ALA ratio in vegetarian diets is frequently higher than 
most recommendations.

To achieve a lower ratio of LA to ALA, vegetarians can strive for an intake of �1.5% to 2% 
of calories from ALA and 5.5–8% of calories from LA.120 Several dietary modifications can 
help to achieve a lower LA-to-ALA ratio. These include choosing primary cooking oils that are 
rich in monounsaturated fats and consuming adequate amounts of ALA. Monounsaturated fats 
by themselves do not affect the LA-to-ALA ratio and, if substituted for oils high in LA, will 
result in a lower ratio. Foods high in monounsaturated fats include olive oil, canola oil, high-
oleic sunflower oil, high oleic-safflower oil, nuts (except walnuts), peanuts, olives, and avoca-
dos.120 Cooking oils that are high in LA, including safflower oil, grapeseed oil, sunflower 
oil, corn oil, cottonseed oil, and soybean oil (Table 4-1), should not be used as primary cook-
ing oils.

Because of the importance of the question of the efficacy of alteration of LA intakes on EPA 
and DHA production in those with no dietary EPA or DHA, additional research on vegans and 
vegetarians is needed before conclusions can be made as to amounts of LA and ALA to recom-
mend for this population.
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Dietary Trans-Fatty Acids

Dietary trans-fatty acids (TFA) may interfere with the conversion of ALA to EPA.120,121 There 
are few data on the TFA intake of vegetarians. Draper et al reported that the daily intake of TFA 
by British male and female lacto-ovo vegetarians was 5.4 and 3.4 g, respectively, and for vegan 
males and females, it was 2.7 and 2.8 g.42 In comparison, British male and female nonvegetarians 
reportedly consume 5.5 and 3.9 g of TFA/d, respectively.42 In a Swedish study involving small 
numbers of subjects, nonvegetarian, lacto-vegetarian, and vegan diets reportedly contained 2.0%, 
1.3%, and 0.5%, respectively, of their calories as TFA (only trans-octadecanoic acids were deter-
mined).122 The level of TFA (18:n-9) in the subcutaneous fat of lacto-ovo vegetarians was reported 
by Crane et al to be about a third lower than that of nonvegetarians.123 Finally, lacto-ovo vegetari-
ans in Hong Kong had lower serum trans-fatty acids than nonvegetarians (0.03% compared with 
0.5%).47 Dietary TFA content is expected to decrease due to a reduction in TFA use by the food 
industry and to greater consumer awareness of health risks of TFA.124,125

Direct Supplementation

Some researchers have recommended that vegans use a supplement or fortified foods to supply 
DHA and EPA because of limited conversion of ALA and because of EPA and DHA’s many ben-
efits,57 although others question the benefit of EPA and DHA supplementation in vegetarians 
and vegans.126

Direct supplementation with DHA-rich microalgae has been suggested as a means to increase 
blood and tissue DHA and EPA content of vegetarians. Five studies have been reported in which 
preformed DHA from microalgae was provided to vegetarians. Geppert et al compared the effect 
of 940 mg of DHA and a placebo for 8 weeks.127 The proportion of DHA in plasma phospholip-
ids increased from 2.8% to 7.3% and EPA increased from 0.58% to 0.77%.127 In another report 
from the same study, erythrocyte lipid DHA proportion increased from 4.4% to 7.9%.44 Con-
quer and Holub gave vegetarian subjects 1620 mg of microalgal-derived DHA daily for 6 weeks. 
Serum phospholipid DHA proportion increased from 2.4% to 8.3% and platelet phospholipid 
DHA proportion increased from 1.2% to 3.9%. EPA levels also increased.59 Postmenopausal veg-
etarian women who received 2.14 g of DHA daily for 6 weeks had higher plasma LDL EPA and 
DHA.128 Most of these studies have used amounts of DHA higher than those typically recom-
mended. A single study has reported, in abstract form, use of a lower dose of DHA. In a study of 
vegans, 200 mg/d of DHA for 3 months increased the proportion of DHA in plasma by 50%.129 
In nonvegetarians, DHA supplementation at doses above approximately 2 g/d produces little 
additional increase in plasma phospholipid DHA concentration.69 When DHA is provided in 
combination with EPA, the DHA saturation dose appears to be 1.2 g/d.69

DHA supplementation appears to increase both the DHA and EPA content of blood and tis-
sues. The production of EPA following DHA supplementation appears to be due to retroconver-
sion.53 EPA concentrations increase by approximately 0.4 g/100 g fatty acid for each 1 g of DHA 
intake.69

Microalgal-derived DHA supplements are available in liquid form and in vegan gelatin cap-
sules. Foods fortified with microalgae-derived DHA include soymilk, energy bars, olive oil, and 
cow’s milk. Table 4-3 provides information on vegetarian sources of DHA and EPA. In addition, 
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microalgal-derived DHA is used to fortify some cow’s milk-based and soy-based infant formulas. 
DHA, whether provided as a supplement (oil in capsules) or in DHA-fortified foods, is bioavail-
able and well tolerated.130

Specific recommendations for amounts of DHA and EPA for vegetarians have not been devel-
oped. Guidelines developed for the general public (Table 4-2) may be helpful to vegetarians who 
opt to use microalgal sources of DHA (or DHA � EPA). Intakes of EPA � DHA up to 1 g/d 
and of 1.8 g/d of EPA have been used in large studies with no adverse effects.81–83

The creation of new plant cultivars that contain fatty acids that are more readily converted to 
EPA and DHA than ALA is or that contain plant-derived EPA and DHA is being studied,131–133 
suggesting the possibility of new sources of EPA and DHA for vegetarians. Stearidonic acid 
(SDA, 18:4 n-3) is one such fatty acid. SDA is a metabolic intermediate in the conversion of 
ALA to EPA. Compared to ALA, SDA was more efficiently converted to EPA, although it did 
not increase EPA concentrations as much as direct EPA supplementation did.134,135 Limited 
research suggests that SDA offers promise as a surrogate for EPA in terms of some physiologic 
effects.134

WOULD VEGETARIANS BENEFIT FROM EATING FISH?

The inefficient conversion of ALA into EPA and DHA, possible differences in biologic effects 
between ALA and the long-chain omega-3 PUFAs, and the difficulty of ingesting sufficient ALA 
have led to speculation that the addition of fish to a vegetarian diet might confer health benefits 
beyond those associated with vegetarian diets alone. The development of microalgae-derived 
DHA and EPA supplements and fortified foods would seem to eliminate any calls for vegetarians 
to eat fish or use fish oil. In addition, even if one assumes that fatty fish intake is associated with 
health benefits in omnivores, this does not imply that vegetarians will have similar benefits 
because factors common to vegetarian diets may result in similar outcomes even though they do 
not eat fish. One review of dietary fatty acid requirements states, “For vegans who do not con-
sume any preformed sources of EPA and DHA, additional research is needed before recommen-
dations can be made for these fatty acids, including supplements. It is important to note the 
absence of reported adverse health effects in this population that consumes no fish.”12

Numerous observational studies suggest that vegetarians live longer than nonvegetarians and 
have �25% lower death rates from cardiovascular disease.126,136,137 For example, an analysis of five 
studies involving �75,000 adults found that mortality from ischemic heart disease was 24% 
lower in vegetarians than in nonvegetarians.137 Specifically, compared to regular meat eaters, lacto-
ovo vegetarians had a 34% lower risk of death and vegans a 26% lower risk. The number of vegan 
subjects was quite small, which may have affected results. Subjects who ate fish but not meat had 
death rates similar to those of vegetarians suggesting that vegetarians do not need to eat fish to 
reduce risk of death from ischemic heart disease. Fraser et al did not find protective effects of fish 
consumption against CHD in the Adventist Health Study138 or in a subset of older vegetarians 
(�84 years of age).139

Factors in vegetarians that may reduce risk of CHD death include lower rates of overweight 
and obesity,140,141 lower blood pressure and lower rates of hypertension,140 and lower total and 
LDL cholesterol levels.142,143

05_79764_04_084_107.indd   9805_79764_04_084_107.indd   98 6/15/10   11:36:04 AM6/15/10   11:36:04 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION. 

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



 Counseling Points: Meeting Needs for Key Fats 99

Protective effects of fatty acids from fish on risk of dementia have also been suggested, 
although there is not enough evidence to make specific recommendations.56 Only limited research 
has been done on the incidence of Alzheimer’s disease or dementia in vegetarians. Existing studies 
find no increased risk of dementia or cognitive impairment in vegetarians or in vegan men.1,144,145 
The Oxford Vegetarian Study found a higher mortality from mental and neurologic disease in 
vegetarians compared to nonvegetarians, although there were, overall, a small number of deaths 
from this condition.146

In addition, concerns have been raised about the potential environmental and societal impact 
of the increased fish consumption that is being recommended by some health authorities.147 
Overfishing has led to the extinction of some types of fish and to limited availability of other 
types.148 Loss of species has a number of harmful environmental effects.149,150 Fish farming, 
although sometimes proposed as a solution, has also been associated with environmental dam-
age.151 Food security of developing nations is jeopardized by increased exporting of fish.152 Use of 
more sustainable vegetarian sources of DHA and EPA, such as microalgae, reduces the environ-
mental and societal impacts of increasing consumption of these long-chain fatty acids.

CONCLUSION

There are many questions about ALA, LA, EPA, and DHA needs for vegetarians that are not 
resolved. Although we know that ALA and LA are essential fatty acids, we do not know the opti-
mal ratio of these nutrients for vegetarians. Additional research is needed to determine if dietary 
manipulations such as increased ALA, decreased LA, and/or an altered ratio of LA to ALA can 
promote EPA and DHA synthesis by vegetarians so that blood and tissue content of these fatty 
acids are similar to those seen in fish eaters. With the availability of supplemental DHA and EPA 
derived from microalgae and foods fortified with DHA, there is no need for vegetarians to eat 
fish or use fish oil to obtain DHA or EPA. Vegetarians can improve their EPA and DHA status 
by using direct sources of these fatty acids and possibly by increasing dietary ALA and replacing 
some dietary LA with carbohydrates or monounsaturated fats.

COUNSELING POINTS: MEETING NEEDS FOR KEY FATS

There are two essential fatty acids: linoleic acid and linolenic acid.• 
Linoleic acid is found in whole grains, nuts, seeds, soybeans, and in many vegetable oils. • 
Dietary recommendations for linoleic acid are 12 g/d for adult women and 17 g/d for adult 
men. Because it is widely available in foods, most people have high intakes of linoleic acid.
Needs for alpha-linolenic acid can be met by choosing daily servings of ground flaxseed or • 
flaxseed oil, walnuts, hempseed products (such as veggie burgers or cheese made from 
hemp), canola oil, soybeans, and generous quantities of leafy green vegetables. Dietary rec-
ommendations are 1.1 g/d for adult women and 1.6 g/d for adult men. Higher intakes may 
be beneficial for those with low or no dietary DHA and EPA.
Due to concerns about an increased risk of prostate cancer in those with higher intakes of • 
alpha-linolenic acid, excessive intakes should be avoided especially by those in risk groups 
for prostate cancer.
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A lower ratio of linoleic acid to alpha-linolenic acid may be beneficial. Foods high in mono-• 
unsaturated fat such as olive oil, canola oil, high-oleic sunflower oil, high-oleic safflower oil, 
nuts, peanuts, olives, and avocados should be used judiciously in place of overreliance on 
oils high in linoleic acid such as safflower oil, grapeseed oil, sunflower oil, corn oil, cotton-
seed oil, and soybean oil. Complex carbohydrates can also be used to replace some linoleic 
acid.
EPA and DHA are long-chain fats found in fish oils and in limited amounts in some sea • 
vegetables. The body can make some EPA and DHA from other fats, but production is lim-
ited. Vegetarians can use nonanimal sources of DHA and EPA by selecting foods fortified 
with DHA derived from microalgae or by using vegan supplements of DHA or DHA � 
EPA derived from microalgae. The DHA or DHA � EPA in supplements or fortified foods 
may offer health advantages to some individuals. Their use should be assessed in view of 
other risk factors for chronic diseases.
Microalgae-derived DHA and EPA are vegan sources of DHA and EPA, although they may • 
be added to nonvegan or nonvegetarian foods. Some foods contain added DHA and EPA 
from fish oil, so label reading is important to determine the source of these fatty acids and to 
identify nonfish sources for vegetarians.
Trans-fatty acids may interfere with the synthesis of EPA and DHA. Limit consumption of • 
foods rich in trans-fatty acids such as foods containing partially hydrogenated oils.
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Case Study

Dorothy is a 58-year-old woman with a family history of CHD. About 5 years ago she became vegan, 
with a goal of reducing her risk of heart disease. She eats a generally healthy diet but would like ad-
vice on omega-3 fats. After discussing various strategies with Dorothy, she tells you that she wants to 
modify her diet so that the LA-to-ALA ratio is closer to 4:1 while maximizing her intake of ALA. Her 
cardiologist has recommended a total fat intake of �30% of calories. Dorothy’s recommended calorie 
intake is 2000 calories per day. Develop 2 days of menus for Dorothy that meet her objectives while 
staying within her fat and calorie limits.

Should Dorothy take supplemental DHA? Why or why not?

05_79764_04_084_107.indd   10005_79764_04_084_107.indd   100 6/15/10   11:36:04 AM6/15/10   11:36:04 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION. 

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



 References 101

 7. Djousse L, Pankow JS, Eckfeldt JH, et al. Relation between dietary linolenic acid and coronary artery disease in the 
National Heart, Lung, and Blood Institute Family Heart Study. Am J Clin Nutr. 2001;74:612–619.

 8. Ascherio A, Rimm EB, Giovannnucci EL, et al. Dietary fat and risk of coronary heart disease in men: cohort follow 
up study in the United States. BMJ. 1996;313:84–90.

 9. Campos H, Baylin A, Willett WC. Alpha-linolenic acid and risk of nonfatal acute myocardial infarction. Circula-
tion. 2008;118(4):339–345.

 10. de Lorgeril M, Salen P, Martin JL, et al. Mediterranean diet, traditional risk factors, and the rate of cardiovascular 
complications after myocardial infarction: final report of the Lyon Diet Heart Study. Circulation. 1999;99(6):779–
785.

 11. Hu FB, Stampfer MJ, Manson JE, et al. Dietary intake of alpha-linolenic acid and risk of fatal ischemic heart disease 
among women. Am J Clin Nutr. 1999;69(5):890–897.

 12. Kris-Etherton PM, Innis S. Position of the American Dietetic Association and Dietitians of Canada: dietary fatty 
acids. J Am Diet Assoc. 2007;107:1599–1611.

 13. Albert CM, Oh K, Whang W, et al. Dietary alpha-linolenic acid intake and risk of sudden cardiac death and coro-
nary heart disease. Circulation. 2005;112(21):3232–3238.

 14. Mozaffarian D, Ascherio A, Hu FB, et al. Interplay between different polyunsaturated fatty acids and risk of coro-
nary heart disease in men. Circulation. 2005;111(2):157–164.

 15. Simon JA, Chen YH, Bent S. The relation of alpha-linolenic acid to the risk of prostate cancer: a systematic review 
and meta-analysis. Am J Clin Nutr. 2009;89(5):1558S–1564S.

 16. Brouwer IA, Katan MB, Zock PL. Dietary alpha-linolenic acid is associated with reduced risk of fatal coronary heart 
disease, but increased prostate cancer risk: a meta-analysis. J Nutr. 2004;134:919–922.

 17. Koralek DO, Peters U, Andriole G, et al. A prospective study of dietary alpha-linolenic acid and the risk of prostate 
cancer (United States). Cancer Causes Control. 2006;17(6):783–791.

 18. Leitzmann MF, Stampfer MJ, Michaud DS, et al. Dietary intake of n-3 and n-6 fatty acids and the risk of prostate 
cancer. Am J Clin Nutr. 2004;80:204–216.

 19. Carayol M, Grosclaude P, Delpierre C. Prospective studies of dietary alpha-linolenic acid intake and prostate cancer 
risk: a meta-analysis. Cancer Causes Control. 2010;21(3):347–355.

 20. Kinsella JE, Lokesh B, Broughton S, Whelan J. Dietary polyunsaturated fatty acids and eicosanoids: potential effects 
on the modulation of inflammatory and immune cells: an overview. Nutrition. 1990;6(1):24–44.

 21. Kinsella JE, Lokesh B, Stone RA. Dietary n-3 polyunsaturated fatty acids and amelioration of cardiovascular disease: 
possible mechanisms. Am J Clin Nutr. 1990;52(1):1–28.

 22. Simopoulos AP. Essential fatty acids in health and chronic disease. Am J Clin Nutr. 1999;70(3 suppl):560S–569S.
 23. Serhan CN. Lipoxins and aspirin-triggered 15-epi-lipoxins are the first lipid mediators of endogenous anti-inflam-

mation and resolution. Prostaglandins Leukot Essent Fatty Acids. 2005;73:141–162.
 24. Stanley JC, Elsom RL, Calder PC, et al. UK Food Standards Agency Workshop Report: the effects of dietary n-6:n-3 

fatty acid ratio on cardiovascular health. Br J Nutr. 2007;98:1305–1310.
 25. Node K, Huo Y, Ruan X, et al. Anti-inflammatory properties of cytochrome P450 epoxygenase-derived eicosanoids. 

Science. 1999;285:1276–1279.
 26. Leng GC, Smith FB, Fowkes FG, et al. Relationship between plasma essential fatty acids and smoking, serum lipids, 

blood pressure and haemostatic and rheological factors. Prostaglandins Leukot Essent Fatty Acids. 1994;51(2):101–
108.

 27. Institute of Medicine Food and Nutrition Board. Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty 
Acids, Cholesterol, Protein, and Amino Acids. Washington, DC: National Academy Press; 2002.

 28. Calder PC. Polyunsaturated fatty acids and inflammation. Prostaglandins Leukot Essent Fatty Acids. 2006;75:197–
202.

 29. International Society for the Study of Fatty Acids and Lipids. Recommendations for intake of polyunsaturated fatty acids 
in healthy adults. 2004. http://www.issfal.org.uk/index.php?option=com_content&task=view&id=23&Itemid=8.

 30. Harris WS, Mozaffarian D, Rimm E, et al. Omega-6 fatty acids and risk for cardiovascular disease. A science advi-
sory from the American Heart Association Nutrition Subcommittee of the Council on Nutrition, Physical Activity, 
and Metabolism; Council on Cardiovascular Nursing; and Council on Epidemiology and Prevention. Circulation. 
2009;119:902–907.

05_79764_04_084_107.indd   10105_79764_04_084_107.indd   101 6/15/10   11:36:04 AM6/15/10   11:36:04 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION. 

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



102 CHAPTER 4 FATS

 31. Steinberg D, Parthasarathy S, Carew TE, et al. Beyond cholesterol: modifications of low-density lipoprotein that 
increase its atherogenicity. N Engl J Med. 1989;320:915–924.

 32. Galassetti P, Pontello A. Dietary effects on oxidation of low-density lipoprotein and atherogenesis. Curr Atheroscler 
Rep. 2006;8:523–529.

 33. Zock PL, Katan MB. Linoleic acid intake and cancer risk: a review and meta-analysis. Am J Clin Nutr. 1998;68:142–
153.

 34. American Soybean Association. Soy Stats 2008. http://www.soystats.com/2008/default.htm.
 35. Pan WH, Chin CJ, Sheu CT, Lee MH. Hemostatic factors and blood lipids in young Buddhist vegetarians and 

omnivores. Am J Clin Nutr. 1993;58(3):354–359.
 36. Ferrier LK, Caston LJ, Leeson S, et al. alpha-Linolenic acid- and docosahexaenoic acid-enriched eggs from hens fed 

flaxseed: influence on blood lipids and platelet phospholipids fatty acids in humans. Am J Clin Nutr. 1995;62(1):81–
86.

 37. Roshanai F, Sanders TAB. Assessment of fatty-acid intakes in vegans and omnivores. Hum Nutr Appl Nutr. 1984;
38A:345–354.

 38. Krajcovicova-Kudlackova M, Blazicek P, Babinska K, et al. Traditional and alternative nutrition—levels of homo-
cysteine and lipid parameters in adults. Scand J Clin Lab Invest. 2000;60(8):657–664.

 39. Mann M, Pirotta Y, O’Vonnell S, et al. Fatty acid composition of habitual omnivore and vegetarian diets. Lipids. 
2006;41:637–646.

 40. Kornsteiner M, Singer I, Elmadfa I. Very low n-3 long-chain polyunsaturated fatty acid status in Austrian vegetari-
ans and vegans. Ann Nutr Metab. 2008;52:37–47.

 41. Lakin V, Haggarty P, Abramovich DR, et al. Dietary intake and tissue concentration of fatty acids in omnivore, veg-
etarian and diabetic pregnancy. Prostaglandins Leukot Essent Fatty Acids. 1998;59(3):209–220.

 42. Draper A, Lewis J, Malhotra N, Wheeler E. The energy and nutrient intakes of different types of vegetarian: a case 
for supplements? Br J Nutr. 1993;69(1):3–19.

 43. Li D, Sinclair A, Wilson A, et al. Effect of dietary alpha-linolenic acid on thrombotic risk factors in vegetarian men. 
Am J Clin Nutr. 1999;69(5):872–882.

 44. Geppert J, Kraft V, Demmelmair H, et al. Docosahexaenoic acid supplementation in vegetarians effectively increases 
omega-3 index: a randomized trial. Lipids. 2005;40:807–814.

 45. Sanders TA, Roshanai F. Platelet phospholipid fatty acid composition and function in vegans compared with age- 
and sex-matched omnivore controls. Eur J Clin Nutr. 1992;46(11):823–831.

 46. Sanders TA, Ellis FR, Dickerson JW. Studies of vegans: the fatty acid composition of plasma choline phosphoglycer-
ides, erythrocytes, adipose tissue, and breast milk, and some indicators of susceptibility to ischemic heart disease in 
vegans and omnivore controls. Am J Clin Nutr. 1978;31(5):805–813.

 47. Lee HY, Woo J, Chen ZY, et al. Serum fatty acid, lipid profile and dietary intake of Hong Kong Chinese omnivores 
and vegetarians. Eur J Clin Nutr. 2000;54(10):768–773.

 48. Reddy S, Sanders TA, Obeid O. The influence of maternal vegetarian diet on essential fatty acid status of the new-
born. Eur J Clin Nutr. 1994;48(5):358–368.

 49. Rosell MS, Lloyd-Wright Z, Appleby PN, et al. Long-chain n-3 polyunsaturated fatty acids in plasma in British 
meat-eating, vegetarian, and vegan men. Am J Clin Nutr. 2005;82:327–334.

 50. Phinney SD, Odin RS, Johnson SB, Holman RT. Reduced arachidonate in serum phospholipids and cholesteryl 
esters associated with vegetarian diets in humans. Am J Clin Nutr. 1990;51(3):385–392.

 51. Cunnane SC, Ryan MA, Craig KS, et al. Synthesis of linoleate and alpha-linolenate by chain elongation in the rat. 
Lipids. 1995;30(8):781–783.

 52. Cunnane SC. The conditional nature of the dietary need for polyunsaturates: a proposal to reclassify ‘essential fatty 
acids’ as ‘conditionally- indispensable’ or ‘conditionally-dispensable’ fatty acids. Br J Nutr. 2000;84(6):803–812.

 53. Plourde M, Cunnane SC. Extremely limited synthesis of long chain polyunsaturates in adults: implications for their 
dietary essentiality and use as supplements. Appl Physiol Nutr Metab. 2007;32:619–634.

 54. Haugen MA, Kjeldsen-Kragh J, Bjerve KS, et al. Changes in plasma phospholipid fatty acids and their relationship 
to disease activity in rheumatoid arthritis patients treated with a vegetarian diet. Br J Nutr. 1994;72(4):555–566.

 55. Chetty N, Bradlow BA. The effects of a vegetarian diet on platelet function and fatty acids. Thromb Res. 1983;
30(6):619–624.

05_79764_04_084_107.indd   10205_79764_04_084_107.indd   102 6/15/10   11:36:04 AM6/15/10   11:36:04 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION. 

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



 References 103

 56. Harris WS, Mozaffarian D, Lefevre M. Towards establishing dietary reference intakes for eicosapentaenoic and 
docosahexaenoic acids. J Nutr. 2009;139:804S–819S.

 57. 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.

 58. Nelson GJ, Schmidt PC, Bartolini GL, Kelley DS, Kyle D. The effect of dietary docosahexaenoic acid on plasma 
lipoproteins and tissue fatty acid composition in humans. Lipids. 1997;32(11):1137–1146.

 59. Conquer JA, Holub BJ. Supplementation with an algae source of docosahexaenoic acid increases (n-3) fatty acid 
status and alters selected risk factors for heart disease in vegetarian subjects. J Nutr. 1996;126(12):3032–3039.

 60. Conquer JA, Holub BJ. Dietary docosahexaenoic acid as a source of eicosapentaenoic acid in vegetarians and omni-
vores. Lipids. 1997;32(3):341–345.

 61. Carlson SE. Docosahexaenoic acid supplementation in pregnancy and lactation. Am J Clin Nutr. 2009;89(2):
678S–684S.

 62. Birch EE, Garfield S, Hoffman DR, et al. A randomized controlled trial of early dietary supply of long-chain poly-
unsaturated fatty acids and mental development in term infants. Dev Med Child Neurol. 2000; 42:174–181.

 63. SanGiovanni JP, Berkey CS, Dwyer JT, Colditz GA. Dietary essential fatty acids, long-chain polyunsaturated fatty 
acids, and visual resolution acuity in healthy full-term infants: a systematic review. Early Hum Dev. 2000; 57:165–
188.

 64. Szajewska H, Horvath A, Koletzko B. Effect of n-3 long-chain polyunsaturated fatty acid supplementation of 
women with low-risk pregnancies on pregnancy outcomes and growth measures at birth: a meta-analysis of random-
ized controlled trials. Am J Clin Nutr. 2006;83:1337–1344.

 65. Schaefer EJ, Bongard V, Beiser AS, et al. Plasma phosphatidylcholine docosahexaenoic acid content and risk of 
dementia and Alzheimer disease: The Framingham Heart Study. Arch Neurol. 2006;63:1545–1550.

 66. Tiemeier H, van Tuijl HR, Hofman A, et al. Plasma fatty acid composition and depression are associated in the 
elderly: the Rotterdam Study. Am J Clin Nutr. 2003;78(1):40–46.

 67. Antalis CJ, Stevens LJ, Campbell M, et al. Omega-3 fatty acid status in attention-deficit/hyperactivity disorder. 
Prostaglandins Leukot Essent Fatty Acids. 2006;75(4–5):299–308.

 68. Joy CB, Mumby-Croft R, Joy LA. Polyunsaturated fatty acid supplementation for schizophrenia. Cochrane Database 
Syst Rev. 2003;(2):CD001257.

 69. Arterburn LM, Hall EB, Oken H. Distribution, interconversion, and dose-response of n-3 fatty acids in humans. 
Am J Clin Nutr. 2006;83(suppl):1467S–1476S.

 70. Kromann N, Green A. Epidemiological studies in the Upernavik district, Greenland. Incidence of some chronic dis-
eases 1950–1974. Acta Med Scand. 1980;208(5):401–406.

 71. Bang HO, Dyerberg J, Sinclair HM. The composition of the Eskimo food in north western Greenland. Am J Clin 
Nutr. 1980;33(12):2657–2661.

 72. Raper NR, Cronin FJ, Exler J. Omega-3 fatty acid content of the US food supply. J Am Coll Nutr. 1992;11(3):304–
308.

 73. Kang JX, Leaf A. Effects of long-chain polyunsaturated fatty acids on the contraction of neonatal rat cardiac myo-
cytes. Proc Natl Acad Sci U S A. 1994;91(21):9886–9890.

 74. Jacobson TA. Role of n-3 fatty acids in the treatment of hypertriglyceridemia and cardiovascular disease. Am J Clin 
Nutr. 2008;87(suppl):1981S–1990S.

 75. Jung UJ, Torrejon C, Tighe AP, et al. n-3 Fatty acids and cardiovascular disease: mechanisms underlying beneficial 
effects. Am J Clin Nutr. 2008;87(suppl):2003S–2009S.

 76. DeCaterina R, Liao JK, Libby P. Fatty acid modulation of endothelial activation. Am J Clin Nutr. 2000;71
(1 suppl):213S–223S.

 77. Dallongeville J, Yarnell J, Ducimetiere P, et al. Fish consumption is associated with lower heart rates. Circulation. 
2003;108(7):820–825.

 78. Adan Y, Shibata K, Sato M, et al. Effects of docosahexaenoic and eicosapentaenoic acid on lipid metabolism, eico-
sanoid production, platelet aggregation and atherosclerosis in hypercholesterolemic rats. Biosci Biotechnol Biochem. 
1999;63(1):111–119.

 79. Andriamampandry MD, Leray C, Freund M, et al. Antithrombotic effects of (n-3) polyunsaturated fatty acids in rat 
models of arterial and venous thrombosis. Thromb Res. 1999;93(1):9–16.

05_79764_04_084_107.indd   10305_79764_04_084_107.indd   103 6/15/10   11:36:05 AM6/15/10   11:36:05 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION. 

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



104 CHAPTER 4 FATS

 80. Hooper L, Thompson RL, Harrison RA, et al. Risks and benefits of omega 3 fats for mortality, cardiovascular dis-
ease, and cancer: systematic review. BMJ. 2006;332:752–760.

 81. Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E after myocardial infarction: results of 
the GISSI-Prevenzione trial. Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto miocardico. Lancet. 
1999;354(9177):447–455.

 82. GISSI-HF Investigators. Effect of n-3 polyunsaturated fatty acids in patients with chronic heart failure (the GISSI-
HF trial): a randomised, double-blind, placebo-controlled trial. Lancet. 2008;372:1223–1230.

 83. Yokoyama M, Origasa H, Matsuzaki M, et al. Effects of eicosapentaenoic acid on major coronary events in hyper-
cholesterolaemic patients (JELIS): a randomised open-label, blinded endpoint analysis. Lancet. 2007;369:1090–1098.

 84. Harris WS, Kris-Etherton PM, Harris KA. Intakes of long-chain omega-3 fatty acid associated with reduced risk for 
death from coronary heart disease in healthy adults. Curr Atheroscler Rep. 2008;10:503–509.

 85. Chong EW, Kreis AJ, Wong TY, et al. Dietary omega-3 fatty acid and fish intake in the primary prevention of age-
related macular degeneration: a systematic review and meta-analysis. Arch Ophthalmol. 2008;126(6):826–833.

 86. Seddon JM, George S, Rosner B. Cigarette smoking, fish consumption, omega-3 fatty acid intake, and associations 
with age-related macular degeneration: The US Twin Study of Age-Related Macular Degeneration. Arch Ophthal-
mol. 2006;124:995–1001.

 87. Tan JSL, Wang JJ, Flood V, Mitchell P. Dietary fatty acids and the 10-year incidence of age-related macular degen-
eration: The Blue Mountains Eye Study. Arch Ophthalmol. 2009;127:656–665.

 88. Morris MC, Evans DA, Bienias JL, et al. Consumption of fish and n-3 fatty acids and risk of incident Alzheimer 
disease. Arch Neurol. 2003;60(7):940–946.

 89. van Gelder BM, Tijhuis M, Kalmijn S, et al. Fish consumption, n-3 fatty acids, and subsequent 5-y cognitive decline 
in elderly men: the Zutphen Elderly Study. Am J Clin Nutr. 2007;85(4):1142–1147.

 90. Beydoun MA, Kaufman JS, Satia JA, et al. Plasma n-3 fatty acids and the risk of cognitive decline in older adults: 
The Atherosclerosis Risk in Communities Study. Am J Clin Nutr. 2007;85:1103–1111.

 91. Samieri C, Féart C, Letenneur L, et al. Low plasma eicosapentaenoic acid and depressive symptomatology are inde-
pendent predictors of dementia risk. Am J Clin Nutr. 2008;88(3):714–721.

 92. Freund-Levi Y, Eriksdotter-Jonhagen M, Cederholm T, et al. Omega-3 fatty acid treatment in 174 patients with mild 
to moderate Alzheimer disease: OmegAD study: a randomized double-blind trial. Arch Neurol. 2006;63:1402–1408.

 93. Appleton KM, Hayward RC, Gunnell D, et al. Effects of n-3 long-chain polyunsaturated fatty acids on depressed 
mood: systematic review of published trials. Am J Clin Nutr. 2006;84(6):1308–1316.

 94. Lin PY, Su KP. A meta-analytic review of double-blind, placebo-controlled trials of antidepressant efficacy of 
omega-3 fatty acids. J Clin Psychiatry. 2007;68(7):1056–1061.

 95. Milte CM, Sinn N, Howe PR. Polyunsaturated fatty acid status in attention deficit hyperactivity disorder, depres-
sion, and Alzheimer’s disease: towards an omega-3 index for mental health? Nutr Rev. 2009;67(10):573–590.

 96. Hogstrom M, Nordstrom P, Nordstrom A. n-3 fatty acids are positively associated with peak bone mineral density 
and bone accrual in healthy men: the NO

2
 Study. Am J Clin Nutr. 2007;85:803–807.

 97. Kris-Etherton PM, Harris WS, Appel LJ. Fish consumption, fish oil, omega-3 fatty acids, and cardiovascular disease. 
Circulation. 2002;106:2747–2757.

 98. Harris WS, von Schacky C. The Omega-3 Index: a new risk factor for death from coronary heart disease? Prev Med. 
2004;39(1):212–220.

 99. Fokkema MR, Brouwer DA, Hasperhoven MB, et al. Polyunsaturated fatty acid status of Dutch vegans and omni-
vores. Prostaglandins Leukot Essent Fatty Acids. 2000;63(5):279–285.

 100. Williams CM, Burdge G. Long-chain n-3 PUFA: plant v. marine sources. Proc Nutr Soc. 2006;65:42–50.
 101. Burdge GC, Wootton SA. Conversion of alpha-linolenic acid to eicosapentaenoic, docosapentaenoic and docosa-

hexaenoic acids in young women. Br J Nutr. 2002;88(4):411–420.
 102. Francois CA, Connor SL, Bolewicz LC, et al. Supplementing lactating women with flaxseed oil does not increase 

docosahexaenoic acid in their milk. Am J Clin Nutr. 2003;77:226–233.
 103. Fokkema MR, Brouwer DA, Hasperhoven MB, et al. Short-term supplementation of low-dose gamma-linolenic 

acid (GLA), alpha-linolenic acid (ALA), or GLA plus ALA does not augment LCP omega 3 status of Dutch vegans 
to an appreciable extent.Prostaglandins Leukot Essent Fatty Acids. 2000;63(5):287–292.

 104. Cunnane SC. Role of zinc in lipid and fatty acid metabolism and in membranes. Prog Food Nutr Sci. 1988;12:151–
188.

05_79764_04_084_107.indd   10405_79764_04_084_107.indd   104 6/15/10   11:36:05 AM6/15/10   11:36:05 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION. 

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



 References 105

 105. Dijck-Brouwer DA, Hadders-Algra M, Bouwstra H, et al. Impaired maternal glucose homeostasis during pregnancy 
is associated with low status of long-chain polyunsaturated fatty acids (LCP) and essential fatty acids (EFA) in the 
fetus. Prostaglandins Leukot Essent Fatty Acids. 2005;73(2):85–87.

 106. Burdge GC, Calder PC. Conversion of alpha-linolenic acid to longer-chain polyunsaturated fatty acids in human 
adults. Reprod Nutr Dev. 2005;45(5):581–597.

 107. Brenna JT, Salem N Jr, Sinclair AJ, Cunnane SC; International Society for the Study of Fatty Acids and Lipids, 
ISSFAL. alpha-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.

 108. Sanders TA, Younger KM. The effect of dietary supplements of omega 3 polyunsaturated fatty acids on the fatty 
acid composition of platelets and plasma choline phosphoglycerides. Br J Nutr. 1981;45(3):613–616.

 109. Natvig H, Borchgrevink CF, Dedichen J, et al. A controlled trial of the effect of linolenic acid on incidence of coro-
nary heart disease. The Norwegian vegetable oil experiment of 1965–66. Scand J Clin Lab Invest. 1968;105:S1–S20.

 110. Harris WS. Alpha-linolenic acid: a gift from the land? Circulation. 2005;111(22):2872–2874.
 111. Wendland E, Farmer A, Glasziou P, Neil A. Effect of alpha linolenic acid on cardiovascular risk markers: a system-

atic review. Heart. 2006;92(2):166–169.
 112. Cho E, Hung S, Willett WC, et al. Prospective study of dietary fat and the risk of age-related macular degeneration. 

Am J Clin Nutr. 2001;73(2):209–218.
 113. Giovannucci E, Rimm EB, Colditz GA, et al. A prospective study of dietary fat and risk of prostate cancer. J Natl 

Cancer Inst. 1993;85(19):1571–1579.
 114. Ramon JM, Bou R, Romea S, et al. Dietary fat intake and prostate cancer risk: a case-control study in Spain. Cancer 

Causes Control. 2000;11(8):679–685.
 115. Calder PC. n-3 polyunsaturated fatty acids, inflammation, and inflammatory diseases. Am J Clin Nutr. 2006;83

(6 suppl):1505S–1519S.
 116. Ezaki O, Takahashi M, Shigematsu T, et al. Long-term effects of dietary alpha-linolenic acid from perilla oil on 

serum fatty acids composition and on the risk factors of coronary heart disease in Japanese elderly subjects. J Nutr 
Sci Vitaminol (Tokyo). 1999;45(6):759–772.

 117. Goyens PL, Spilker ME, Zock PL, et al. Conversion of �-linolenic acid in humans is influenced by the absolute 
amounts of _-linolenic acid and linoleic acid in the diet, and not by the ratio. Am J Clin Nutr. 2006;84:44–53.

 118. Hussein N, Ah-Sing E, Wilkinson P, et al. Relative rates of long chain conversion of 13C linoleic and alpha-linolenic 
acid in response to marked changes in their dietary intakes in male adults. J Lipid Res. 2005;46:269–280.

 119. Liou YA, King DJ, Zibrik D, Innis SM. Decreasing linoleic acid with constant alpha-linolenic acid in dietary fats 
increases (n-3) eicosapentaenoic acid in plasma phospholipids in healthy men. J Nutr. 2007;137(4):945–952.

 120. Davis BC, Kris-Etherton PM. Achieving optimal essential fatty acid status in vegetarians: current knowledge and 
practical implications. Am J Clin Nutr. 2003;78(suppl):640S–646S.

 121. Koletzko B. Trans fatty acids may impair biosynthesis of long-chain polyunsaturates and growth in man. Acta Paedi-
atr. 1992;81(4):302–306.

 122. Akesson B, Johansson BM, Svensson M, Ockerman PA. Content of trans-octadecanoic acid in vegetarian and nor-
mal diets in Sweden, analyzed by the duplicate portion technique. Am J Clin Nutr. 1981;34(11):2517–2520.

 123. Crane MG, Zielinski R, Aloia R. Cis and trans fats in omnivorous, lacto-ovo-vegetarians, and vegans. Am J Clin 
Nutr. 1988;48:920. Abstract P2.

 124. Eckel RH, Kris-Etherton P, Lichtenstein AH, et al. Americans’ awareness, knowledge, and behaviors regarding fats: 
2006–2007. J Am Diet Assoc. 2009;109(2):288–296.

 125. Teegala SM, Willett WC, Mozaffarian D. Consumption and health effects of trans fatty acids: a review. J AOAC Int. 
2009;92(5):1250–1257.

 126. Mangat I. Do vegetarians have to eat fish for optimal cardiovascular protection? Am J Clin Nutr. 2009;89
(suppl):1597S–1601S.

 127. Geppert J, Kraft V, Demmelmair H, et al. Microalgal docosahexaenoic acid decreases plasma triacylglycerol in nor-
molipidaemic vegetarians: a randomized trial. Br J Nutr. 2006;95:779–776.

 128. Wu WH, LU SC, Wang TF, et al. Effects of docosahexaenoic acid supplementation on blood lipids, estrogen metab-
olism, and in vivo oxidative stress in postmenopausal vegetarian women. Eur J Clin Nutr. 2006;60:386–392.

 129. Lloyd-Wright Z, Preston R, Gray R, et al. Randomized placebo controlled trial of a daily intake of 200 mg docosa-
hexaenoic acid in vegans. Proc. Nutr. Soc. 2003;62:42A.

05_79764_04_084_107.indd   10505_79764_04_084_107.indd   105 6/15/10   11:36:05 AM6/15/10   11:36:05 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION. 

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



106 CHAPTER 4 FATS

 130. Arterburn LM, Oken HA, Hoffman JP, et al. Bioequivalence of docosahexaenoic acid from different algal oils in 
capsules and in a DHA-fortified food. Lipids. 2007; 42:1011–1024.

 131. Graham IA, Larson T, Napier JA. Rational metabolic engineering of transgenic plants for biosynthesis of omega-3 
polyunsaturates. Curr Opin Biotechnol. 2007;18(2):142–147.

 132. Damude HG, Kinney AJ. Enhancing plant seed oils for human nutrition. Plant Physiol. 2008;147(3):962–968.
 133. Ruiz-López N, Haslam RP, Venegas-Calerón M, et al. The synthesis and accumulation of stearidonic acid in trans-

genic plants: a novel source of ‘heart-healthy’ omega-3 fatty acids. Plant Biotechnol J. 2009;7(7):704–716.
 134. Whelan J. Dietary stearidonic acid is a long chain (n-3) polyunsaturated fatty acid with potential health benefits. 

J Nutr. 2009;139: 5–10.
 135. Harris WS. The omega-3 index as a risk factor for coronary heart disease. Am J Clin Nutr. 2008;87:S1997–S2002.
 136. Fraser GE, Shavlik DJ. Ten years of life: is it a matter of choice? Arch Intern Med. 2001;161:1645–1652.
 137. Key TJ, Fraser GE, Thorogood M, et al. Mortality in vegetarians and nonvegetarians: detailed findings from a col-

laborative analysis of 5 prospective studies. Am J Clin Nutr. 1999;70(suppl):516S–524S.
 138. Fraser GE. Associations between diet and cancer, ischemic heart disease, and all- cause mortality in non-Hispanic 

white California Seventh-day Adventists. Am J Clin Nutr. 1999;70(3 suppl):532S-538S.
 139. Fraser GE, Shavlik DJ. Risk factors for all-cause and coronary heart disease mortality in the  oldest-old. The Adven-

tist Health Study. Arch Intern Med. 1997;157(19):2249–2258.
 140. Fraser GE. Vegetarian diets: what do we know of their effects on common chronic  diseases? Am J Clin Nutr. 2009;

9(suppl):1607S-1612S.
 141. Spencer EA, Appleby PN, Davey GK, Key TJ. Diet and body mass index in 38000 EPIC-Oxford meat-eaters, fish-

eaters, vegetarians and vegans. Int J Obesity Res. 2003;27: 728–734.
 142. Appleby PN, Thorogood M, McPherson K, et al. Association between plasma lipid concentrations and dietary, life-

style, and physical factors in the Oxford Vegetarian Study. J Hum Nutr Diet. 1995;8:305–314.
 143. Key TJ, Appleby PN, Rosell MS. Health effects of vegetarian and vegan diets. Proc Nutr Soc. 2006;65:35–41.
 144. Giem P, Beeson WL, Fraser GE, The incidence of dementia and intake of animal products: preliminary findings 

from the Adventist Health Study. Neuroepidemiology. 1993;12:28–36.
 145. Fraser GE, Singh PN, Bennett H. Variables associated with cognitive function in elderly Californian Seventh-day 

Adventists. Am J Epidemiol. 1996; 143: 1181–1190.
 146. Appleby PN, Key TJ, Thorogood M, et al. Mortality in British vegetarians. Public Health Nutr. 2002;5(1):29–36.
 147. Jenkins DJ, Sievenpiper JL, Pauly D, et al. Are dietary recommendations for the use of fish oils sustainable? CMAJ. 

2009;180(6):633–637.
 148. Worm B, Barbier EB, Beaumont N, et al. Impacts of biodiversity loss on ocean ecosystem services. Science. 2006;

314:787–790.
 149. McIntyre PB, Jones LE, Flecker AS, Vanni MJ. Fish extinctions alter nutrient recycling in tropical freshwaters. Proc 

Natl Acad Sci U S A. 2007;104:4461–4466.
 150. Taylor BW, Flecker AS, Hall RO. Loss of a harvested fish species disrupts carbon flow in a diverse tropical river. Sci-

ence. 2006;313:833–836.
 151. Krkosek M, Ford JS, Morton A, et al. Declining wild salmon populations in relation to parasites from farm salmon. 

Science. 2007;318:1772–1775.
 152. Atta-Mills J, Alder J, Rashid Sumaila U. The decline of a regional fishing nation: the case of Ghana and West Africa. 

Nat Resource Forum. 2004;28:13–21.
 153. Flax Council of Canada. Flax FAQs. http://www.flaxcouncil.ca/english/index.jsp?p=faq.
 154. Lichtenstein AH, Appel LJ, Brands M, et al. American Heart Association Nutrition Committee, Diet and Lifestyle 

Recommendations Revision 2006: A Scientific Statement from the American Heart Association Nutrition Commit-
tee. Circulation. 2006;114:82–96.

 155. UK Scientific Advisory Committee on Nutrition. Advice on fish consumption: Benefits and risks. April 2004. 
http://www.sacn.gov.uk/pdfs/fics_sacn_advice_fish.pdf.

 156. National Health and Medical Research Council. Nutrient Reference Values for Australia and New Zealand Includ-
ing Recommended Dietary Intakes. 2006. http://www.nhmrc.gov.au/_files_nhmrc/file/publications/synopses/n35
.pdf.

05_79764_04_084_107.indd   10605_79764_04_084_107.indd   106 6/15/10   11:36:05 AM6/15/10   11:36:05 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION. 

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION



 References 107

 157. Health Council of the Netherlands. Guidelines for a Healthy Diet. 2006. http://www.gezondheidsraad.nl/en/
publications/guidelines-healthy-diet-2006.

 158. Joint WHO/FAO Expert Consultation on Diet, Nutrition, and the Prevention of Chronic Diseases. Diet, Nutrition 
and the Prevention of Chronic Diseases: Report of a Joint WHO/FAO expert Consultation. Geneva, Switzerland: 
WHO; 2002.

 159. Sanchez-Machado DI, Lopez-Hernandez J, Paseiro-Losada P, Lopez-Cervantes J. Fatty acids, total lipid, protein and 
ash contents of processed edible seaweeds. Food Chem. 2004;85:439–444.

 160. Khotimchenko SV, Vaskovsky VE, Titlyanova TV. Fatty acids of marine algae from the Pacific coast of North Cali-
fornia. Botanica Marina. 2002; 45:17–22.

05_79764_04_084_107.indd   10705_79764_04_084_107.indd   107 6/15/10   11:36:05 AM6/15/10   11:36:05 AM

© Jones & Bartlett Learning, LLC.  NOT FOR SALE OR DISTRIBUTION. 

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION

© Jones & Bartlett Learning, LLC
NOT FOR SALE OR DISTRIBUTION




