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Abstract

Foods currently eaten by Americans have abundant amounts of essential omega-6 (n-6) nutrients
and relatively few omega-3 (n-3) nutrients. The average omega 3 - 6 balance score of typical US
foods is about -6. This imbalance causes the average American to accumulate tissue proportions
of n-3 and n-6 highly unsaturated fatty acids (HUFA) with about 77% n-6 in HUFA. This HUFA bal-
ance links to many chronic health conditions that are made worse by overabundant actions of
food-based omega-6 HUFA. Americans currently spend more on treating food-based health condi-
tions than they spend on food. Less medication is needed to treat signs and symptoms when a key
dietary cause of the signs and symptoms is prevented. Informed food producers can readily pre-
pare and market new food products with more n-3 and less n-6 nutrients to reverse the current
national nutrient imbalance and help people attain and maintain a healthy HUFA balance. New
functional foods and nutraceuticals will help consumers shift their financial resources from treat-
ing signs and symptoms caused by HUFA imbalance to preventing the nutrient imbalance that
causes the need to treat.
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1. Introduction

Essential fatty acids (EFA) are vitamin-like nutrients needed for healthy human physiology. The 18-carbon po-
lyunsaturated omega-3 (n-3) a-linolenic acid and omega-6 (n-6) linoleic acid are abundant in foliage and leafy
vegetables, such as spinach, broccoli and cauliflower. When eaten, the n-3 nutrients compete with n-6 nutrients
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for metabolism to longer more highly unsaturated fatty acids (HUFA) which accumulate in the phospholipids of
tissue membranes. A competitive hyperbolic equation [1] describes the diet-tissue relationship by which the
EFA in foods maintain proportions of n-3 and n-6 HUFA in human tissues. The current average EFA intakes in
US foods have an omega 3 - 6 balance score near-6, whereas traditional Mediterranean foods averaged near —3
and traditional Japanese foods averaged near +2 [2]. These average scores maintain tissue HUFA balances near
75%, 60%, and 40% n-6 in HUFA, respectively. Measurements obtained from apparently healthy people with
different traditional food habits range from 25% to 85% n-6 in HUFA. The %n-6 in HUFA is an objective
measure of n-3 and n-6 nutrient intakes [2].

The HUFA balance predictably linked to average EFA intakes is also associated with a risk for chronic in-
flammatory disorders [3]. People with more than 50% n-6 in HUFA have a greater risk of death from cardi-
ovascular disease (CVD) than people with less than 50% n-6 in HUFA. Mechanisms for the CVD pathophysi-
ology include conversion of the n-6 HUFA, arachidonic acid, into powerful inflammatory hormone-like eicosa-
noids that amplify events in vascular inflammatory atherosclerosis and fatal thrombosis [4] [5]. In the absence of
dietary n-3 nutrients, intakes of n-6 linoleic acid as low as 0.4 percent of food energy (0.4 en%) can give 50%
n-6 in HUFA. Eating less may lead to EFA deficiency, and eating more may increase the risk for excessive n-6
HUFA actions. Thus, dietary n-6 linoleate has a very narrow therapeutic window [4]. An important action of di-
etary n-3 nutrients is to raise the proportion of n-3 in tissue HUFA and to widen the range of n-6 intake that has
a low risk of excessive n-6 HUFA action.

Plant foods common in tropical Africa during early human evolution likely had omega 3 - 6 balance scores
near 0, like leafy foliage (0), cassava (—0.1), sweet potato (—0.5), yam (—0.4), plantain (—0.1) and taro (—3) [6].
Over time, people in central and western Africa selectively acquired a genetic haplotype which has faster A6 and
A5 desaturation activity [7]. That gave faster conversion of dietary n-3 and n-6 PUFA to tissue HUFA and en-
sured supplies of n-3 and n-6 HUFA adequate for human brain and retinal function during rapid infant develop-
ment. However, it now makes many African-Americans more responsive than Caucasians or Asians to the very
high amounts of n-6 linoleate from food oils in the current American diet (7 en%, rather than the 0.4 en% that
prevents EFA deficiency). The consequence is a greater tendency for a higher % n-6 in HUFA and for more
unwanted chronic inflammatory disorders. African-Americans have higher prevalence of chronic disease in-
cluding: cardiovascular disease, hypertension, colorectal cancer, obesity, asthma, and periodontitis [8]. In fact,
the prevalence of type 2 diabetes (insulin resistance) is nearly twice as high among African-American adults
compared to white adults [8].

2. Multiple Chronic Conditions Are Becoming Financially Unsustainable

The general status of health and wellness (or its counterpart, sickness and death) can be described in many ways.
For example, the US economy currently allocates more financial resources to healthcare than to food, and food-
based imbalances cause the high need for healthcare [9]. The Centers for Disease Control and Prevention (CDC)
estimated that chronic health conditions—such as heart disease, stroke, cancer, diabetes, obesity, and arthri-
tis—are among the most common, costly, and preventable of all health problems [10]. Eighty six percent (86%)
of healthcare spending is for chronic medical conditions [10] [11]. The US will likely spend $2.7 trillion treating
chronic diseases in 2015 (Table 1)—much of which is considered preventable. This is more than total healthcare
spending in 2010. The US needs to change its foods.

The US healthcare system is focused on discovering treatments rather than preventing chronic disease [16].
While medications are profitable (and sometimes a useful interim step), they can have undesired side effects,

Table 1. Cost of chronic health conditions.

Year Healthcare % of GDP Healthcare Chronic Disease Chronic_Disease Chronic Disease
Spending($) (Avg $/person) Prevalence Spending ($) (Avg $/person)
2000 14T [12] 13.8 [14] 4,878 [14] 70% [15] 1.0T 3,415
2005 2.0T[12] 16.1 [14] 6,868 [14] 75% [16] 15T 5,151
2010 2.6T [12] 17.9 [14] 8,402 [14] 86% [11] 22T 7,226
2015 3.1T[13] 18.0 [13] 10,125 [13] 86% [11] 27T 8,708
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and their continued use is needed when the food-based cause remains unaddressed. Translating knowledge of
risk factor mechanisms into effective informed preventive nutrition actions is an important step toward prevent-
ing costly, chronic conditions resulting from food-based mediators [9].

Heart disease, obesity, and type-2 diabetes are at epidemic levels in the US, and they have well-documented
food-based n-6 mediators [4] [5]. Depression is another epidemic condition not yet recognized by the public to
associate with HUFA balance [17]. Chronic disease and depression are mutually reinforcing: chronic disease can
exacerbate depression, while depression can lead to chronic disease [16]. Pharmaceutical companies know im-
balanced actions of n-6 mediators for which they produce and market many medications to mitigate food-based
pathophysiology. Food producers and manufacturers are becoming aware of their opportunity to significantly
alter food-based pathophysiology. Their actions in making better-balanced foods available can shift current
health conditions toward increased wellness for the public.

Understanding the causal links between foods and food-based health conditions allows deliberate, explicit
implementation of effective preventive nutrition programs [9]. When people increase their intake of n-3 nu-
trients while decreasing excess n-6 nutrients, they lower the health risk assessment (HRA) biomarker, the %n-6
in HUFA. Effective preventive nutrition addressing the root causes of chronic diseases can benefit the US
economy. In 2015, the US will spend 86% of its $3.1 trillion healthcare resources treating chronic diseases.
Among the most prevalent chronic conditions, allergies rank #3 and asthma ranks #8 for adults, whereas for
children, asthma and allergies rank #1 and #2, respectively [11]. Allergies are a major trigger for asthma. In ad-
dition, chronic obstructive lung disease and bronchiectasis are ranked #11 in prevalence for adults, and chronic
obstructive pulmonary disease (COPD) is the third leading cause of death in the US [18]. A common aspect of
all these immune-inflammatory disorders is excessive action of n-6 eicosanoids derived from an over-abundant
intake of n-6 nutrients.

The eicosanoids are potent signaling molecules, and n-3 and n-6 eicosanoids act at selective receptor sites in
nearly every tissue of the human body [5]. The cysteinyl leukotriene eicosanoids are potent bronchoconstrictors
formed by 5-lipoxygenase and leukotriene C synthase after phospholipase releases the n-3 and n-6 HUFA pre-
cursors from tissue membrane phospholipids [19]. Both n-3 and n-6 leukotrienes can increase bronchopulmo-
nary distress in asthma and COPD, however formation of n-6 LTC, is more intense than n-3 LTCs [20] [21]. A
major contributor to recruiting leukocytes that amplify inflammatory conditions is the vigorous chemotactic re-
sponse of the BLT1 receptor with n-6 LTB,. It is 100-fold greater than the response with n-3 LTBs [22]. In-
flammation is amplified as food-based n-6 LTB,attracts more leukocytes to an area and signals for release of
chemokines (a protein activating additional white blood cells).

Macrophages play a key role in the pathophysiology of obesity-induced insulin resistance. These inflamma-
tory cells accumulate in crown-like structures around adipocytes [23], and become a significant portion (up to 40%
[247]) of the cells in obese adipose tissue. Macrophages release cytokines and LTB, that recruit more inflamma-
tory cells as adipose tissue develops systemic inflammatory characteristics [23]. LTB, acting through the BLT1
receptor directly induces inflammation and insulin resistance [24]. Genetically altered mice missing the BLT1
receptor were protected from glucose intolerance and insulin resistance [24] [25]. Inhibition of LTB, could be a
future goal for pharmaceutical treatment of insulin-resistance. Conversely, with n-6 LTB, actions on BLT1 be-
ing 100-fold greater than n-3 LTBs [22], a promising form of primary prevention is reducing dietary n-6 and in-
creasing the intake of n-3 functional foods. Informed food choices can likely decrease obesity, inflammation,
and insulin resistance and have fewer side effects than medications or surgical procedures.

The obesity epidemic in the US has not been resolved by the multi-billion dollar weight-loss industry. Now
categorized as a disease, obesity and its associated inflammatory processes play key roles in a complex chain of
events linked to n-6 nutrients. The endocannabinoid system regulates food intake mediated by products of n-6
linoleic acid (LA) [26] [27]. Elevated endocannabinoids increase weight gain while adipocytes become larger
and adipose tissue more inflamed with macrophage infiltration [27] [28]. Balancing weight-promoting n-6 nu-
trients with n-3 nutrients normalized endocannabinoid tone and body mass. That approach merits careful atten-
tion in preventing undesired appetitive behaviors and in maintaining food energy balance.

The large multi-year Look AHEAD clinical trial hypothesized that obesity is a valid surrogate for cardiovas-
cular disease (CVD) [29], the #1 cause of death in the US for many decades. The trial lowered the average body
mass of 5145 overweight or obese participants with intent to reduce non-fatal myocardial infarction, hospitalized
angina, and non-fatal stroke [29]. However, following successful weight reduction and increased physical activ-
ity, the trial was stopped after nearly 10 years because the hypothesis was not supported [29]. Obesity is an
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associative, predictive risk factor of CVD; it is not a valid surrogate. The health risk assessment factor, %n-6 in
HUFA, has a high correlation with CVD and a causal mechanistic basis [4] [30]. When people examine blood
samples from the Look AHEAD participants, they may find an association between %n-6 in HUFA and CVD
mortality and morbidity. This would redirect attention toward a more effective preventive nutrition strategy of
lowering n-6 intakes and raising n-3 intakes.

As populations shifted from their traditional dietary patterns toward modern Western food habits, they expe-
rienced increased prevalence of deaths from chronic disease. One example is the increased deaths from prostate
cancer in Japan and ltaly [31]. Japanese historically had seafood as a dietary staple, a low %n-6 in HUFA as an
objective biochemical outcome, and one of the lowest rates of prostate cancer deaths in the world. As the aver-
age %n-6 in HUFA increased from ~35% to 50%, prostate cancer deaths of elderly Japanese rose from 40 to 400
per 100,000 population. In Italy, where a traditional Mediterranean diet was typical in 1970, deaths from pros-
tate cancer were near 250 per 100,000. However, over the next 30 years, as dietary habits became Westernized,
the death rate doubled to 500 [31]. During this period prostate cancer deaths of elderly men in UK, France, and
US remained near 500 to 600 per 100,000. In the US, it is the 5" leading cause of cancer death [32]. In 2015,
there will likely be 220,000 new cases and 27,000 prostate cancers deaths in the US, with higher prevalence and
deaths among African Americans [32]. Reducing the dietary intake of n-6 nutrients enables increased n-3 in-
takes to competitively attenuate actions of the n-6 thromboxane, TXA,, in facilitating cancer growth [33].

There is no shortage of peer-reviewed studies listed by PubMed detailing mechanisms by which the innate
immune system is amplified by n-6 actions. Thousands of these studies specify the eicosanoids involved (e.g.,
LTB,, TXA,, PGE,, PGF,,, PGI,). However, there is a shortage of information about which foods cause major
imbalances in n-3 and n-6 nutrient intakes. Useful for this purpose are the omega 3-6 balance scores derived
from eleven different n-3 and n-6 fatty acids based on information in the USDA Nutrient Database [2]. The
scores predict the impact of a food item on the HRA biomarker, %n-6 in HUFA. Balance scores have dimen-
sions of milligrams per Calorie (mg/kcal), and the negative and positive values combine together to give a pre-
dicted biomedical outcome for the %n-6 in HUFA. As consumers combine current food items with functional
foods that have more positive (less negative) scores, the incremental differences add together, and can signifi-
cantly shift the %n-6 in HUFA and clinically relevant outcomes in as little as 3 months [34]. This is important as
food producers and marketers begin to resolve the current preventable epidemics.

3. Address the Cause Not Just the Symptoms

Many medications relieve signs and symptoms of food-based chronic conditions. For example, low-dose aspirin
decreases the actions of excessive n-6 thromboxane, TXA,, in blood platelets [5]. However, when the dietary
imbalance causing their food-based condition has not been prevented, consumers need continual medication.
This fits a profitable business model for pharmaceutical companies and manufacturers of over-the-counter me-
dications. However, some question the benefit of treating signs and symptoms while leaving the food-based im-
balance to cause additional harm [3]. Significant increases in chronic disease spending per person are likely to
continue in the absence of effective preventive nutrition (Table 1).

Creating functional foods and promoting new food choices is not in business plans of pharmaceutical compa-
nies or manufacturers of over the counter drugs. Moreover, if the CDC is correct that the US healthcare system
“is not designed to prevent chronic diseases” and “has primarily focused on discovering [new] treatments” [16],
then the healthcare system is financially unsustainable and needs redesigning. Re-allocating $2.7T/year toward
preventive nutrition may be sufficient financial incentive to motivate action [9]. Tools and apps are now availa-
ble [35] to use the known competitive, hyperbolic diet-tissue relationship among EFA [1] and design new func-
tional foods and nutraceuticals for better nutrient balance and health outcomes for consumers. The empirical
equation quantitatively describes how lowering n-6 nutrient intake makes n-3 nutrients more effective in creat-
ing balanced HRA biomarker values. The concept of Omega Balance [36] addresses the current nutritional cause
for many signs and symptoms, and new functional foods with high positive scores will not have adverse side ef-
fects seen with current medications. Informed preventive nutrition offers positive outcomes with lower cost.

To examine the benefit of a better HUFA balance, a recent randomized clinical trial on severe chronic head-
ache pain designed two diets quite different from typical American diets in having much lower amounts of n-6
LA [34]. The low-n-6 diet (L6) replaced high-LA foods with low-LA foods. Adding n-3 nutrients to that diet
gave a high n-3, low n-6 diet (H3-L6). During the 3-month clinical trial, the L6 diet gave a significant reduction
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of pain in three objective clinical measures as patients’ HRA values went from 78% n-6 in HUFA to 75%n-6 in
HUFA. More importantly, the H3-L6 group changed their average %n-6 in HUFA from 77% to 61% and expe-
rienced progressive reduction in pain during 3 months, a 40% lower need for medications, and an increased
quality of life [34] [37].

This clinical trial demonstrated how rapidly an informed selection of foods can change the HUFA balance and
its physiological consequences. The authors noted that more improvement in psychological distress may occur if
the intervention was longer [37]. Also, individuals with an aversion to seafood were not fully compliant, and use
of n-3 supplements may further improve outcomes [38]. Supplemental nutraceutical n-3 is a constructive alter-
native to improve HRA biomarkers in an open free-living population setting. In all scenarios with added n-3 nu-
trients, reducing dietary n-6 intake ensures more positive outcomes on objective and subjective measures of
health, and a decreased need for medication in chronic conditions [34] [37].

4. Creating Functional Foods

Investigators developing diets to give a better tissue HUFA balance replaced high-LA oils with macadamia-oil-
vinaigrette salad dressing, and used fat-free mayonnaise [38] [39]. Including fatty seafood rich in n-3 HUFA (e.g.
wild salmon, trout, tuna, and sardines) plus functional foods created with flax meal (i.e., ground flax seeds) can
provide more n-3 nutrients. Easily arranged recipes for muffins, granola, and bean dip create new functional
foods by adding flax meal [38]. In considering a better tissue HUFA balance, the Department of Defense (DoD)
noted a substantially increased cognitive load on the warfighter produced a need for better protection and recov-
ery from wounds [40]. However, the current diet for active duty military personnel is imbalanced in n-3 and n-6
nutrients, as it resembles the standard American diet [2] [40] [41]. Assessment of 287 active-duty soldiers
showed an average 81% n-6 in HUFA [42]. The DoD concluded that restoring omega-3 fatty acids to optimal
levels may improve performance and restore impaired personnel to healthy fit status. To sustain US leadership,
DoD established goals for 2030 as shown in Figure 1 [40].

Sample garrison foods were analyzed using the empirical equation noted in the Introduction [1]. They predicted
an average value of 78% n-6 in HUFA [41]. Substituting n-3 rich foods, increasing low n-6 variants, and re-
placing high-LA with low-LA oils resulted in a substantial observed change in the %n-6 in HUFA, thus shifting

TECHNOLOGY AND INNOVATION ENABLERS FOR SUPERIORITY 2030

KEY INVESTMENT OPPORTUNITIES TO ACHIEVE SUPERIORITY THROUGH ENHANCING FORCE EFFECTIVENESS
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Figure 1. Balance of n-3 in HUFA related to optimal health and force effectiveness. Omega Balance is expressed
as %n-3 in HUFA. U.S. Military Active Duty is shown as 17% n-3 in HUFA (i.e., 83% n-6 in HUFA) and optim-
al health is considered 60% - 70% n-3 in HUFA. Reprinted from Defense Science Board ([40], p. 57).
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dietary patterns of active duty warfighters away from traditional nutrition guidelines [41] and current public ad-
vice from the Food and Nutrition Board [4]. The DoD implemented their decision by engaging food producers
to assemble functional foods for garrison menus. Results presented in March 2015 during a public lecture
showcased functional foods that DoD cooperatively developed with several food companies: Vital Choice,
Smartfish, Omega Foods, DuPont, Belovo, and Aidells Sausage Company. New food items included salad
dressings using low n-6 soybean oil [43] plus n-3 enriched chicken, eggs and fruit beverages. Researchers noted
that lowering dietary n-6 in combination with elevating n-3 acts more potently to lower tissue n-6 HUFA bal-
ance than either approach alone [41]. Food producers play a positive role in helping the DoD move toward its
goal of resilient warfighters with 40% - 50% n-6 in HUFA. There is much more they can do to expand markets
to the broader public.

The Department of Agriculture (USDA) supported development of new peanut cultivars that can be useful as
functional foods. Researchers in Florida, Georgia, North Carolina, Oklahoma, Texas and the UK [44]-[47] de-
scribed new varieties that can replace staples in the American diet. Currently, peanuts, peanut butter, and peanut
oil contain large amounts of n-6 have omega 3 - 6 balance scores of —26, —24, and —36, respectively [35]. Va-
riants with less n-6 and much more monounsaturated oleic acid can be effective functional foods. In addition to
having improved Omega Balance scores, low-linoleate products have greater shelf life. For many years the fats
and oils industry handled low n-6 food oils from coconut or macadamia or from selected cultivars of sunflower,
soybean, safflower, and canola which are not yet widely marketed to the public. These oils can be excellent
starting points for developing new functional foods to improve the HUFA balance in consumers.

Many nutrition advisors recommend using foods rather than supplements to achieve dietary goals, yet few
give consumers explicit data on the amounts of n-3 and n-6 nutrients in foods. Individuals can find information
on how to create their own balance of n-3 and n-6 nutrients by downloading the Omega Meals tool onto their
personal computer [35]. A simple example is converting snack pretzels (1 ounce (0z), 103 kcal, score = —2.1)
into a functional food by combining it with flax oil (3 teaspoons (tsp), 120 kcal, score = +46). The Omega Meals
tool combines the data and shows the resulting 223 kcal snack has an omega 3 - 6 balance score of +24.2 which
has a very good impact on a person’s HRA biomarker, %n-6 in HUFA [35]. To prepare this snack: break up the
pretzels in a small bowl, drizzle the flax oil, and stir to coat. This snack is an alternative to a 1.250z serving of
tree nuts which provide 206 - 231 kcal and much more negative balance scores (Table 2). Another functional
food combines 40z low-fat cottage cheese (81 kcal, score = —0.2) with 1 tsp flax oil (40 kcal, score =+46) to
give a 121 kcal snack (score = +15). Recipes and meal plans made with Omega Meals can be saved for future

Table 2. Balance of n-3 and n-6 fats in tree nuts. The milligrams of n-3 and n-6 essential polyunsaturated acids (PUFA) per
ounce of tree nuts. The color code for Balance Scores reflects the likely impact food items will have on the HRA value, % n-6

in HUFA.
Tree Nuts PUFA PUFA
(1 02) n-3 n-6 BALANCE SCORE
very good effect
good effect
OK effect
not very good effect
bad effect
Cashew nuts 18 2206 -14 awful effect
Hazelnuts 25 2221 =12
Macadamia 58 367 =15
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use, modified as desired, and printed to share with friends. Every recipe and meal plan displays a chart indicat-
ing the likely impact on the predictive HRA biomedical value, the %n-6 in HUFA [35].

The top 100 Key Foods for Americans [48] have an average Omega Balance Score near —6 [2], related to a
HRA value of 78% n-6 in HUFA (like common American diets). Removing ten foods with the most negative
scores leaves 90 Key Foods with an average Score of -3 and an HRA value of 63% n-6 in HUFA (like tradition-
al Mediterranean diets). Possible alternatives to the removed items are in Table 3.

The top 100 foods do not include seafood which has positive Balance Scores: scallops, +15; shrimp, +29; crab,
+30; flounder, +30; mussels, +32; white tuna, +46; sea bass, +49; sardines, +53; striped bass, +55; Coho salmon,
+57; Eastern oysters, +57; kippered herring, +70; and canned pink salmon, +83. Also, marine plants are becom-
ing more available to US consumers: kelp, —2; laver, +14; and wakame, +26. The American Heart Association
and the American Psychiatric Association recommend eating seafood twice a week. Consumers need help in
finding more functional foods with positive scores that lower their %n-6 in HUFA [36], improve health and
quality of life [34] and shift personal finances from treatments to other desired uses [9].

Figure 2 illustrates an Omega Meals plan that initially had an overall Balance Score of —6.9 with an estimated
HRA value of 82% n-6 in HUFA (near typical American values of —6 to —7 and 75% - 80%, respectively). It
was altered by replacing turkey (—15.9) with salmon (+52.6) to give an overall Score of +2.3 and a predicted
HRA value of 37% n-6 in HUFA (near traditional Japanese levels). This plan can be changed further by replac-
ing walnuts (—44.4) with the pretzel/flax oil snack described above (+24); olive oil (—8.3) with coconut oil
(—2.1); and avocado (—10.4) with a glass of wine (0). The overall Balance Score would then be +9.5 with an es-
timated HRA biochemical outcome of 19% n-6 in HUFA (near traditional Greenland Inuit levels). Existing food
items already allow people to make food choices that lower their HUFA balance, and new functional foods and
nutraceuticals certainly will make that task much easier. Such new consumer items can positively shift US fi-
nancial outlays from healthcare treatments to economic development [9].

Table 3. Possible Alternatives for Widely Consumed US Foods. Ten foods from the top 100 Key Food for Americans [48] are
shown with their corresponding Balance Scores and possible alternatives. All Scores are based on milligrams of n-3 and n-6
essential polyunsaturated acids (PUFA) per Calorie.

Food \_Nlth a Very Balance Score Possible Alternatives Balance Score
Negative Score (per kceal) (per kcal)
Olive oil -8
Soybean oil -50 Canola oil -12
High-oleic sunflower oil —4
. Fat free mayonnaise 0
Mayonnaise 46 Mayonnaise with canola or olive oil -10
. Butter -1
Tub margarine -39 Coconut oil 5
Microwave popcorn -37 Low-fat microwave popcorn -7
Fat free “Italian” 0
“Italian” dressing -35 Lemon and olive oil -8
Flax & olive oil vinaigrette +19
. Baked potato chips -8
Potato chips 29 Pretzels with flax oil +24
Stick margarine —28 Butter -1
. Lard -10
Vegetable shortening 28 Coconut oil 5
High oleic peanut butter -4
Peanut butter —24 Flax-peanut butter +4
Gouda Cheese +0.4
. . Taco-flavor tortillas —6
Tortilla chip snacks —22 Flour tortillas 5
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very good effect
. 0 good effect
Daily Meal Time Plan for HUFA Balance 37% OK effect
not very good effect
bad effect
| Main Menu | Food Groups |Client Info| Print | Plan No. 1015 awful effect
Breakfast Balance  Serving Measure and Grams Weight Servings Kcals
[x][ B ] Milk, reduced fat, fluid, 2% milkfat, with added 0.3 1cup 244 [05] 81 [4] Overall daily plan contents 1825 kcals.
[x|[ B | Cereals ready-to-eat, KELLOGG, KELLOGG'S ~ -3.1  0.75 cup (1 NLEA serving) 29 [1 ] 92 Overall daily allowance is 1842 kcals.
[x][ B] Blueberries, raw 0.6 50 berries 66 1 ] 38
B | Bread, wheat, toasted (includes wheat ber! 3.2 1 slice 23 65
L 5 Bun sal ( ) 0 7 iR = — = Overall Average Balance Score = 23]
[x]L B | Butter, with sai — pat{1” =0, ioh) = = Health Risk Assessment Value = | 3T%
Bal Serving M d Grams Weight S Keal
Cuarc i Sancsl Senmg a3z e ANCTTams el ey s s Health Risk Assessment (HRA) Predicts Risk
[x][L]oil, olive, salad or cooking 8.3 1 tbsp 14 239 |~ . . . . . .
z I Pork, fresh, lein, tenderloin, separable lean only, -4.1 3oz B5 1] 159 178 - .
[x][L ] Lettuce, looseleaf, raw 37 0.5 cup, shredded 28 2 ] 10 5 150 -
[x][ L] Spinach, raw 42 1 cup 30 (1] 7 2%
[x][ L] Avocados, raw, California -10.4 1 fruit-no skin/seed 173 0.5 ] 153 [ g 00
=78
Dinner Balance  Serving Measure and Grams Weight Servings Kcals % 50 |
[x][D] Finfish, salmon, coho, wild, cooked, dry heat 526 0.5 filet 178 [(1_] 247 |4 5,
[x][D] Broceoli, cooked, boiled, drained, without salt 33 1 stalk, large (11*12"long) 280 [_1_] 78 Gemasiand
[x][ D] Cheese, gouda 0.4 10z 28 [1_] 101 2 0 40 0 € T W w0
== - - — % n-6 in HUFA is an HRA Value
] R Rice, white, short-grain, cooked 0.2 1 cup 186 |0.33] 80
Snacks Balance  Serving Measure and Grams Weight Servings Kcals
[x][ S| Apples, raw, with skin 1.2 1 medium2.75" diam 138 1] 81 [~
[x][ 8] 1ce creams, chacolate 0.5 0.5 cup {4 fl 0z) 66 2 | 285
|x|[ S | Nuts, walnuts, english -44 .4 1 0z (14 halves) 28 (05 ] 93

Figure 2. Daily Meal Plan with a Balance Score of +2.3. The meal plan using the Omega Meals tool [35] shows foods eaten at
different mealtimes. Highlighting scores by color visually indicates the impact of each food item on the biomedical HRA
value, %n-6 in HUFA.

5. Conclusion

A quantitative empirical relationship describes how dietary n-3 and n-6 essential fatty acids maintain the propor-
tions of n-3 and n-6 in tissue HUFA. Traditional food habits of different populations maintain HUFA balances
that range from 25% to 85% n-6 in HUFA and associate with the incidence and severity of many different chronic
disorders made worse by n-6 eicosanoids. The combined impact of multiple food choices creates HUFA imbal-
ances in Americans. New food choices with more positive omega 3 - 6 balance scores can reverse imbalances.
Consumers need new functional foods and nutraceuticals to help them avoid the need to medicate preventable
health conditions and to maintain better a quality of life. Tools and apps for making explicit food choices allow
individual consumers to arrange balanced food combinations in their homes. In addition, the tools guide food
producers and marketers to make balanced combinations available to the many consumers who do not have time
to prepare foods at home. The US spends more on treatment of food-based chronic conditions than it does on
food. Prevention costs less than treatment. Informed actions using more functional foods and nutraceuticals can
shift some of the $2.7T the US spends annually treating chronic conditions toward preventing the need to treat.
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