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TEST METHODOLOGY AND LIMITATIONS

Recommendations in this report apply to all ages, however for any patient under 18 years, a guardian must purchase the
test and be present for the report recommendations. The information in this report is not intended to treat, diagnose or
cure any medical condition or disease.

Gene By Gene, a wholly owned subsidiary of myDNA, Inc., is a College of American Pathologists (CAP) accredited and
Clinical Laboratory Improvement Amendments (CLIA) certi�ed clinical laboratory quali�ed to perform high-complexity
testing. This test was developed and its performance characteristics determined by Gene by Gene. It has not been
cleared or approved by the FDA. FDA does not require this test to go through premarket FDA review. This test is used for
clinical purposes. It should not be regarded as investigational or for research. Only the genomic regions listed below
were tested; there is a possibility that the tested individual is a carrier for additional, undetected mutations. Although
molecular tests are highly accurate, rare diagnostic errors may occur that interfere with analysis. Sources of these errors
include sample mix-up, trace contamination, and other technical errors. The presence of additional variants nearby may
interfere with mutation detection. Genetic counseling is recommended to properly review and explain these results to
the tested individual.
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APOE Status: 3/3

F
You are a Farmer

ApoE-e4 ApoE-e3 ApoE-e2

Apolipoprotein E (ApoE) is a lipid-binding protein that transports triglycerides
and cholesterol in multiple tissues, including the brain. The e4 allele is common
in hunter-gatherer communities, while the e3 and e2 alleles are most common
in agricultural communities.

ApoE 3/3 is the most common ApoE genotype found in agricultural
communities and has numerous bene�ts
Extended cognitive �tness and enhanced expression of anti-aging
sirtuins
Improved HDL and LDL pro�le
Improved ability to repair synapses and neural protection
Higher viral protection
Higher response to plant bioactive compounds
In the brain, e2 and e3 accumulate in neurons 2 to 4-fold higher than e4

Protein Requirements

Protein
AVERAGE INCREASED HIGH

Traditional protein intake ranges based on latitude from less than 18% of total
calories to approximately 35% in the far northern climates. Recommended
protein intake varies based on weight and exercise intensity.

Genetically, your requirements fall on the higher than average side of the
spectrum, approximately 20% or more of your total caloric intake

Carbohydrate Requirements

Carbohydrates
VERY LOW LOW NORMAL

Your carbohydrate intake range is based on the latitude of your ancestors and
whether a hunter-gatherer diet or modern agricultural diet made a larger
imprint on your genes.

Your genotype combination is associated with a slightly lower
recommended carbohydrate intake, ranging from 30% to 40% of total
calories from carbohydrates
For a 2,000 calorie diet, this comes to 150-200 grams of carbohydrates
per day

Carbohydrate Requirements

Re�ned
Carbohydrates

LESS RISK SLIGHT RISK HIGH RISK

The di�erences between responses in individuals to re�ned carbohydrates have
been linked to a genetic adaptation occurring during the agricultural age.

Your genotype will bene�t from limiting re�ned carbohydrates and
choosing �ber-rich carbohydrate sources
Re�ned carbohydrate sources include cookies, crackers, chips, tortillas,
white bread, re�ned sugar, and high-sugar juices
Choosing low glycemic foods is recommended
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Fat Requirements

Omega-3's
AVERAGE INCREASED HIGH

The NIH has set the recommended intake of omega-3's from 1.1 to 1.6 grams
per day from a combination of ALA, EPA and DHA. Omega-3 fatty acids are
essential for brain, eye, and cardiovascular health.

Your genotype combinations are associated with a higher requirement
of EPA and DHA
ApoE e2 and e3 carriers can bene�t from non-phospholipid �sh oil
intake, however, e4 carriers should use phospholipid-based EPA and
DHA as found in �sh and �sh roe
For ApoE e4 carriers, �sh oil supplements do not appear as e�ective as
phospholipid-based EPA and DHA as found in �sh and �sh roe
E4 carriers may have impaired transport of free DHA and require
phospholipids for successful transport

Fat Requirements

Monounsaturated
and
Polyunsaturated

AVERAGE INCREASED HIGH

Traditional total fat intake ranges based on latitude, with as low at 25%
consumed in countries closer to the equator, and up to 55% of total calories
from fat being consumed in northern latitudes.

Genetic testing can show which fats to focus on, but total fat will range
based on your climate and health goals
Your genotypes are associated with an average requirement for
monounsaturated and polyunsaturated fats from olive oil, avocados,
poultry, nuts and seeds

Fat Requirements

Saturated Fat
(Red Meat)

VERY LOW LOW NORMAL

The 2020 Dietary Guidelines in the U.S. recommends limiting calories from
saturated fats to less than 10% of the total calories you eat and drink each day.
That’s about 200 calories for a 2,000 calorie diet. Traditionally, saturated fat
intake from animal foods ranged based on the season and the geographical
location, with higher latitudes and more mountainous regions consuming more.

Based on your genotype combinations, you should aim to get less
saturated fat in your diet from red meat
Limit your red meat consumption to twice a week

Fat Requirements

Saturated Fat
(Dairy)

VERY LOW LOW NORMAL

The 2020 Dietary Guidelines in the U.S. recommends limiting calories from
saturated fats to less than 10% of the total calories you eat and drink each day.
That’s 200 calories for a 2,000 calorie diet.

Your genotype combinations are associated with improved metabolism
of saturated fat from dairy
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Celiac Disease

Celiac Disease
LOW PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Celiac disease is an immune reaction to eating gluten, a protein found in wheat,
barley and rye. Published research shows that approximately 30 percent of the
general population have variants in the celiac disease risk genes HLA-DQA1
through HLA-DQB, yet only 3% of these individuals develop celiac disease.

Your genotype combination is associated with a low genetic risk for
celiac disease
On a global level, the rates of celiac disease are not related either to the
amount of wheat consumed by each country or to the prevalence of the
HLA DR3-DQ2 and DR4-DQ8 genotypes worldwide
First-degree relatives of people with celiac disease including parents,
siblings and children have a 1 in 10 risk compared to 1 in 100 in the
general population, which may be increased by existing autoimmune
disorders
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Micronutrient Requirements

B1 (Thiamine)
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for thiamine is 1.2mg. Thiamine
requirements are analyzed based on ethanol metabolism, however, chronic
intake of alcohol depletes thiamine.

Your genotype is associated with an average need for B1

Micronutrient Requirements

B2 (Ribo�avin)
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for ribo�avin is 1.3mg. Ribo�avin is
used as a co-factor for numerous reactions associated with protein, fat, and
carbohydrate metabolism. Ribo�avin requirements are analyzed based on
MTHFR gene function.

Your genotype is associated with an average need for B2

Micronutrient Requirements

B3 (Niacin)
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for niacin is 16mg. Niacin targets
genes associated with cardiovascular and skin health, while also balancing
methylation levels.

Your genotype is associated with a higher sensitivity to low niacin intake
Niacin in high in yellow�n tuna (37.5mg), canned tuna (21.9mg), wild
salmon (17mg), ground turkey (20mg), chicken breast (16mg), liver
(14.2mg), skirt steak (9.5mg), white button mushrooms (6.8mg), and
brown rice (5.2mg)

Micronutrient Requirements

B6 (Pyridoxine)
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for B6 is 1.7mg. B6 de�ciency can
manifest as anorexia, irritability, anxiety, depression, muscle pain, bad PMS/low
progesterone, nausea, seizures, migraines, dermatitis, age related macular
degeneration (with low folate and B12) and lethargy.

Your genotype is associated with a higher than average need for B6
Women of reproductive age, especially current and former users of oral
contraceptives, teenagers, male smokers, non-Hispanic African-
American men, and men and women over age 65 are most at risk of B6
de�ciency
B6 is high in yellow�n tuna (6 oz., 1.8mg), wild salmon (6 oz,. 1.2mg), liver (
3oz., 0.8mg), chicken breast (6 oz., 1mg), un�ltered fermented drinks
(16oz., 0.8mg), pistachios (1 oz., 0.5mg), avocado (1 whole, 0.5mg), sweet
potatoes (1 whole, 0.3mg), and spinach (1/2 cup, 0.1mg)
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Micronutrient Requirements

B9 (Folate)
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for folate is 400mcg. Folate is one of
the - if not most - in�uential nutrigenomic micronutrient. It has a powerful
in�uence on genes related to pregnancy, homocysteine, and cancer prevention.

Your genotype is associated with a higher than average need for folate
Folate is depleted by proton pump inhibitors, oral contraceptives,
NSAIDs, anticonvulsants, antivirals, antibiotics, and antacids
Folate is high in liver (3 oz., 215mg), collard greens (1 cup cooked,
177mcg), beets (1 cup raw, 148mcg), black-eyed peas (1/2 cup, 105mg),
raw spinach (1 cup 58mg), asparagus (4 spears, 89mg), hummus (1/2
cup, 83mcg), broccoli (1/2 cup cooked, 52mg), romaine lettuce (1 cup,
64mg), strawberries (1 cup, 40mcg), orange (1 whole, 39mcg), sprouted
lentils (1/2 cup, 38mcg), and parsley (1 sprig, 15.2mg)

Micronutrient Requirements

B12 (Cobalamin)
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for B12 is 2.4mcg. B12 in�uences
genes related to homocysteine, brain health, pregnancy, and energy. B12
requirements are based on serum levels associated with the FUT2 gene.

Your genotype is associated with an average requirement for B12

Micronutrient Requirements

Boron
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for boron has not been set, but 1-3mg
is considered adequate. Boron is connected to bone health, hormone health and
healthy SAMe levels for brain health. Men with low testosterone and women
with osteoporosis or osteopenia will bene�t from more boron.

Your genotype is associated with a higher sensitivity to low boron intake
Boron is highest in prunes (10 prunes, 1.18mg) avocados (1/2 cup,
1.07mg), raisins (1.5 oz, 0.95mg), peach (1 whole, .80mg), apple (1 whole,
.66mg), pear (1 whole .50mg), and peanut butter (2 tablespoons,
0.46mg)
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Micronutrient Requirements

Choline & Betaine
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for choline is 550mg, while betaine
hasn't been set. The more betaine you consume, the less choline you require.
Choline is crucial for pregnancy, lowers anxiety, prevents fatty liver, assists
detoxi�cation, and improves memory.

Your genotype is associated with a higher than average need for choline
and betaine
Choline is depleted by nighttime pain relievers, antihistamines, sleep aids,
antidepressants, incontinence drugs and narcotic pain relievers
Intense endurance exercise depletes choline levels, and increasing
phosphatidylcholine has been found to improve exercise capacity during
high-intensity cycling and running, as well as reduce muscle soreness
Choline is highest in liver (3 oz., 356mg), pastured eggs (2 eggs, 294mg),
beef round (6 oz., 234mg), heart (3 oz., 194mg), chicken (6 oz., 144mg),
wild cod (6 oz., 142mg), bacon (3.5 oz., 125mg), and edamame (1/2 cup,
107mg)
Betaine is highest in spinach (3.5 oz., 645mg), shrimp (3.5 oz., 218mg),
beets (3.5 oz., 200mg) and whole grain sourdough wheat bread (2 slices,
201mg)

Micronutrient Requirements

Vitamin A
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for vitamin A is 900 mcg for men and
700 mcg per day for women. Vitamin A assists digestive lining repair, oral health,
eye health, iron mobilization, mitochondria health, skin health, healthy lung
function, and increased immunity.

Your genotype is associated with a 69% lower conversion rate of beta-
carotene to vitamin A, making it important to include more animal-based
vitamin A to hit your daily target
Vitamin A is high in liver (3 oz., 6,600mcg), pastured eggs (1 egg, 75mcg),
cod liver oil (378mcg), wild salmon oil (206mcg), pickled herring
(219mcg) and sockeye salmon (118mcg)

Micronutrient Requirements

Vitamin D
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for vitamin D is 20mcg. Vitamin D has
a wide role in immune function, bone health, cardiovasular health and cancer
prevention.

Your genotype is associated with below average circulating levels of
vitamin D
Vitamin D is depleted by obesity, pesticides, a high fructose intake,
anticonvulsants, barbiturates, benzodiazepines, calcium channel
blockers, corticosteroids, antidepressants, and bronchodilators
Vitamin D is highest in sockeye salmon (6 oz., 28.4mcg), cod liver oil (1
tsp., 11mcg), canned tuna (1 can, 6.7mcg), wild herring (3 oz., 5.4mcg),
and sardines (1 can, 4mcg)
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Micronutrient Requirements

Vitamin C
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for vitamin C is 90mg, however, the
amount consumed in the Paleolithic era was 400mg per day. Studies show the
best results occur with over 500mg per day. Extensive research shows that
adequate vitamin C reduces the risk of cancer, heart disease, colds, �u,
cataracts, hypertension and even depression.

Your genotype is associated with average serum vitamin C levels

Micronutrient Requirements

Vitamin E
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for vitamin E is 15mg. Vitamin E is
important for antioxidant protection, skin health, fertility, brain health, and
cardiovascular health.

Your genotype is associated with a higher sensitivity to low vitamin E
intake
Vitamin E is highest in sun�ower seeds (1 oz., 7.4mg), almonds (1 oz.
7.3mg), avocado (1 whole, 4.2mg), spinach (1 cup cooked, 3.7mg),
butternut squash soup (1 cup, 2.6mg) and olive oil (1 tablespoon, 1.9mg)

Micronutrient Requirements

Vitamin K2
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for vitamin K2 has not been
established, but based on amounts found in food and research, 60-70mcg of
MK-4 and MK-7 is a good target. MK-4 targets sex hormones, the brain,
possesses anti-cancer and anti-in�ammatory activity, and also supports bone
health. MK-7 is considered better for reducing arterial calci�cation, increasing
bone density, anti-cancer, improving salivary bu�ering (minimizes the de-
mineralization of enamel and enhances its re-mineralization), and increasing
cardiac output (12% increase) in athletes.

Your genotype is associated with an average need for K2

Micronutrient Requirements

Magnesium
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for magnesium is 400mg, however,
higher amounts may be required for certain individuals, stress levels and
athletes. Magnesium levels vary drastically based on the soil, and therefore in
the food. Magnesium is involved in 300 biochemical reactions, and de�ciency
has widespread e�ects on every aspect of health. The most common
symptoms of low magnesium includes calf cramps at night, headaches,
arrhythmia, calci�cation, and muscle fatigue.

Your genotype is associated with an average need for magnesium

Micronutrient Requirements

Manganese
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for manganese has not been set,
however, 1.8 to 2.3mg per day is considered adequate. Manganese has a special
role in protecting the mitocondria of the cells against toxicity through
superoxide dismutase. Manganese is crucial for heart health, blood sugar, male
fertility, bone health and protecting the brain against glutamate toxicity.

Your genotype is associated with an average need for manganese
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Micronutrient Requirements

Lithium
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for lithium has not been set, with
normal intake ranging from 250mcg to 3mg. Studies found an association
between higher levels of lithium in local water and “bene�cial clinical, behavioral,
legal and medical outcomes.” In the context of your genetic analysis, we are
looking at lithium requirements in regards to B12 transportation.

Your genotype is associated with a higher than average need for lithium
if your B12 levels are high
Lithium levels in food and water range dramatically around the world
Concentrations reaching approximately 200 mcg/L have been found in
drinking water in selected regions of the USA (Texas), Greece, Japan,
England, and Italy
The mean concentration of lithium in European bottled waters, however,
was estimated at 0.94 mcg/L
In Germany, mineral waters were reported to contain 1.5–1,320 mcg/L of
lithium

Micronutrient Requirements

Potassium
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for potassium is 3,400mg for males
and 2,600mg for females. Potassium is an electrolyte that helps maintain
normal levels of �uid inside our cells, muscle contraction, and regulates blood
pressure. The Paleolithic hunter-gatherers took in about 11,000 milligrams of
potassium a day from fruits, vegetables, leaves, �owers, roots, and other plant
sources, and under 700 mg of sodium.

Your genotype is associated with an average requirement for potassium

Micronutrient Requirements

Iron
AVERAGE ABOVE AVERAGE HIGH

The Recommended Dietary Allowance (RDA) for all age groups of men and
postmenopausal women is 8 mg/day and the RDA for premenopausal women is
18 mg/day.

Your genotype combinations are associated with with lower serum iron
levels and a moderate need for dietary iron intake
Animal-based foods and seafood contains heme iron, while plant foods
contain non-heme iron
Heme iron has a higher absorption rate compared to non-heme iron
Iron is highest in oysters (3oz, 8mg), beef liver (3 oz., 5mg) beef 6 oz.,
4mg), sardines (3 oz., 2mg) white beans (1 cup, 8mg) dark chocolate (3
oz., 7mg), spinach (1/2 cup cooked, 3mg)

Micronutrient Requirements

Selenium
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for selenium is 55mcg. Selenium
levels in plant and animal foods vary drastically based on the soil. Selenium is a
crucial mineral linked to numerous genes involved in glutathione (the master
antioxidant), detoxi�cation, immunity, thyroid health, skin health, and cancer
prevention.

Your genotype is associated with an average need for selenium
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Micronutrient Requirements

Zinc
AVERAGE ABOVE AVERAGE HIGH

The recommended daily allowance (RDA) for zinc is 11mg. Zinc is poorly
absorbed from plant foods and is highest in animal foods. Zinc plays a special
role with numerous genes connected to immunity, cancer prevention,
detoxi�cation, skin health, eye health and more.

Your genotype is associated with an average serum zinc levels

Micronutrient Requirements

Copper
AVERAGE ABOVE AVERAGE HIGH

Typical diets meet or exceed the copper RDA and copper de�ciency is rare. The
RDA for copper is 900mcg. Copper is involved in the regulation of gene
expression, brain development, neurotransmitters, cardiovascular health, and
immune system functioning.

Your genotype is associated with slightly lower serum copper levels
Copper is highest in liver (3 oz. 12,400mcg), oysters (4,850mcg),
potatoes (675mcg), shiitake mushrooms (1/2 cup, 650mcg), cashew (1
oz., 629mg), sun�ower seeds (1/4 cup, 615mg) and dark chocolate (1 oz.,
615mcg)

Fiber Requirements

Prebiotic Fiber
AVERAGE INCREASED HIGH

The recommended amount of �ber is up to 25 grams per day for women and up
to 38 grams per day for men.

Your genotypes are associated with a slighter higher than average
requirement for prebiotic �ber
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Phytonutrient Requirements

Phytoestrogens
AVERAGE NEED INCREASED HIGH

Phytoestrogens are plant derived compounds found in a wide variety of foods.
There are pros and cons to phytoestrogen intake that appears to have a genetic,
age, and gut health connection for determining optimal intake.

Your genotype combinations are associated with a higher than average
need for phytoestrogens for healthy hormones
Phytoestrogens are highest in soy, �ax, beans, rye, wheat, hummus,
peanuts, tahini sauce, and cruciferous vegetables

Phytonutrient Requirements

Lutein and
Zeaxanthin

AVERAGE NEED INCREASED HIGH

A recommended daily intake of lutein and zeaxanthin hasn't been established.
Lutein and zeaxanthin can help protect your eyes from harmful high-energy
light waves like UV sunlight.

Your genotype is associated with average requirements for lutein and
zeaxanthin to support eye health

Phytonutrient Requirements

Polyphenols
AVERAGE NEED INCREASED HIGH

Research strongly suggests that long term consumption of diets rich in plant
polyphenols o�er protection against development of cancers, cardiovascular
diseases, diabetes, osteoporosis and neurodegenerative diseases.

Your genotype is associated with a fast metabolism of polyphenols,
which means you need a higher intake of polyphenols to obtain the
same bene�t of other slower genotypes that require less
Polyphenols found in green tea (also in Kombucha), co�ee, chocolate and
all berries provide the most bene�t of a higher intake

Phytonutrient Requirements

Cinnamon
AVERAGE NEED INCREASED HIGH

Cinnamon lowers blood glucose usually without causing hypoglycemia and
increases satiety.

Your genotype is associated with a higher need for cinnamon to control
blood sugar and satiety

Phytonutrient Requirements

Cruciferous
Vegetables

AVERAGE NEED INCREASED HIGH

Isothiocyanates from cruciferous vegetables are known for their anti-cancer
activity. Certain genotypes require higher levels of this anti-cancer activity.

Your genotype combinations are associated with a higher requirement
of cruciferous vegetables
Cruciferous vegetables include broccoli, Brussels sprouts, cabbage,
cauli�ower, radishes, turnips, Bok choy, and watercress
Aim for 1-2 cups of cruciferous vegetables per day
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Phytonutrient Requirements

Lycopene
AVERAGE NEED INCREASED HIGH

Lycopene is found in tomatoes, watermelon, guava and pink grapefruit, and has
unique bene�ts for the heart, breast, prostate and skin.

Your genotype combinations are associated with a lower to average
requirement for lycopene

Phytonutrient Requirements

Apigenin (Males)
AVERAGE NEED INCREASED HIGH

Apigenin is a �avonoid that possess anti-in�ammatory, antioxidant and anti-
cancer properties. Certain genotypes require higher levels for prostate health.

Your genotype is associated with a higher than average need for
apigenin for prostate health
Apigenin is highest in dried parsley, celery and chamomile tea

Phytonutrient Requirements

Resveratrol
AVERAGE NEED INCREASED HIGH

Resveratrol is a plant chemical produced in response to stress from the
elements, and has been found to protect against heart disease and potentially
extend life.

Your genotype combinations are associated with an average
requirement for resveratrol and heart health

Lactose Tolerance

Lactose Tolerance
TOLERANT ABOVE AVERAGE INTOLERANT

Lactose is the major carbohydrate in milk. The arrival of farming in Europe
around 8,500 years ago necessitated adaptation to new environments,
pathogens, diets, and social organizations. One of the best examples of genetic
dietary changes to this is the lactase enzyme in northern Europeans that only
dates to the last 4,000 years.

Your LCT genotype is associated with lactose tolerance
The ability to digest lactose is much more common in people of
European ancestry
Approximately 32 percent of the world’s population is lactose tolerant
Since this gene only looks at lactose, sensitivities to dairy can still exist

Ca�eine Metabolism

Ca�eine
Metabolism

SLOW INTERMEDIATE FAST

Variants in the CYP1A2 gene determine the rate at which you metabolize
ca�eine.

You are an intermediate metabolizer of ca�eine, meaning your body
breaks down ca�eine at an intermediate rate, giving you an average
sensitivity to the e�ects of increased consumption
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METHYLATION
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Methylation

Folate
AVERAGE NEED INCREASED HIGH

MTHFR 677 and MTHFR 1298 genotypes determine your folate requirements to
assist normal homocysteine levels.

Your genotype combination is associated with an average requirement
for folate to maintain healthy homocysteine levels

Methylation

Folinic Acid
AVERAGE NEED INCREASED HIGH

Folinic acid is a second type of folate found in folate-rich food.

You have a higher than average requirement for folinic acid to maintain
healthy methylation and homocysteine levels

Methylation

Vitamin B6
AVERAGE NEED INCREASED HIGH

Vitamin B6 plays an important role in homocysteine metabolism and CBS gene
function.

A combination of your genotypes related to vitamin B6 serum levels and
methylation requirements are associated with a higher than average
requirement for B6 to maintain healthy methylation and homocysteine
levels
B6 is highest in wild salmon, wild cod, pistachios, avocados, Yukon gold
or red potatoes, taro root, sweet potatoes, spinach, cauli�ower and
un�ltered fermented drinks
Many medications deplete B6 including antibiotics, oral contraceptives,
ACE inhibitors, antacids, and proton pump inhibitors

Methylation

Vitamin B12
AVERAGE NEED INCREASED HIGH

Vitamin B12 plays an important role in homocysteine metabolism.

You have an average requirement for B12 to maintain healthy
methylation and homocysteine levels

Methylation

Ribo�avin (B2)
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Vitamin B2 plays a special role in stabilizing the MTHFR gene for homocysteine
metabolism.

Your genotype is associated with an average requirement for ribo�avin
to maintain healthy methylation and homocysteine levels
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Methylation

Choline and
Betaine

AVERAGE NEED INCREASED HIGH

Choline and betaine play a crucial role in homocysteine metabolism, especially
for those with variants in MTHFR.

Your genotype is associated with a higher than average requirement for
choline and betaine to maintain healthy methylation and homocysteine
levels
Low choline intake can manifest as memory issues, NAFLD, anxiety,
neurological disorders, breast cancer, histamine issues, gallbladder
issues, and SIBO
Choline may be depleted by nighttime pain relievers, antihistamines,
sleep aids, antidepressants, incontinence drugs and narcotic pain
relievers
Intense endurance exercise depletes choline levels, and increasing
phosphatidylcholine has been found to improve exercise capacity during
high-intensity cycling and running, as well as reduce muscle soreness

Methylation

Synthetic Folic
Acid

LESS RISK SLIGHT RISK HIGH RISK

Certain genotypes in the folate metabolism pathway can a�ect the metabolism
of synthetic folic acid, leading to high circulating levels.

Your genotype combinations may improve the metabolism of synthetic
folic acid
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HORMONE SUPPORT
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Hormone Support

Estrogen
Detoxi�cation

AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

There are multiple genes in the estrogen detoxi�cation pathway that have a
cumulative value on the ability to properly detoxify estrogen.

Your combination of numerous genotypes in the estrogen pathway are
associated with reduced estrogen detoxi�cation
To reduce the risk of harmful estrogen metabolites, you should avoid
xenoestrogens, manage stress levels, and focus on gut health
Increasing prebiotic �ber, polyphenols, magnesium and bi�dobacteria
may improve breast health by reducing the amount and activity of
harmful estrogen metabolites

Hormone Support

Prostate
Protection

AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Numerous gene combinations are required to determine a cumulative value of
prostate protection.

Your genotype combination is associated with reduced prostate
protection
Improve prostate protection with selenium, vitamin C, B1, B6, folate, zinc,
magnesium, healthy iron levels, milk thistle, holy basil, and cruciferous
vegetables

Hormone Support

Testosterone
Levels

LOW AVERAGE ABOVE AVERAGE

A combination of genotypes have been associated with low, average and above
average testosterone levels.

Your genotype combination is associated with average baseline
testosterone levels
Testosterone promotes lean body mass, decreases recovery time and
gives a psychological edge of con�dence, concentration, cognitive
function and determination
Low testosterone leads to obesity, loss of muscle, weak bones, and
depression, but also increases the odds of heart disease, diabetes,
Alzheimer’s and other major health problems
Testosterone peaks throughout puberty and continues to stay in optimal
ranges until around 40 years old
Magnesium, zinc, vitamin D, omega-3's, boron, fat intake, compound
weight lifting, sprints, chopping wood and eight hours of sleep per night
have all been found to increase testosterone
The optimal level appears to in the 550-900 ng/dl range to reduce risk
according to the American College of Cardiology
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Hormone Support

Oxidative Stress
and Fertility

AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Pesticides, cadmium, mercury, and arsenic have all been shown to lower GSTP1
expression, increasing the elevation and toxicity of these chemicals and heavy
metals. The exposure and sensitivity to these chemicals and heavy metals are
suspected reasons for the increased risk of male infertility related to GSTP1
variants.

Your genotype is associated with reduced sperm protection against
environmental pollution.
Selenium, vitamin C, B1, B6, folate, zinc, magnesium, healthy iron levels,
milk thistle, holy basil, and cruciferous vegetables all target GSTP1 for
better protection

Hormone Support

T3 and T4
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

T3 and T4 level variations have been associated with variants in the DI01 gene.

Your genotype is associated with normal T3 and T4 levels
T3 and T4 can still be out of range based on other epigenetic factors

Hormone Support

Adiponectin
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

ADIPOQ encodes for adiponectin, a protein secreted by fat cells that a�ect
insulin and glucose metabolism. Low levels of adiponectin play a role in obesity,
insulin resistance and Type 2 diabetes.

Your genotype is associated with normal adiponectin levels, which can
increase the e�ect of insulin, improve glucose metabolism and assist a
healthy body weight

Hormone Support

Ghrelin
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Variants in genes related to ghrelin levels and dopamine receptor density have
been shown to create a larger appetite and the potential for overeating in
multiple populations.

Your genotypes are associated with borderline higher ghrelin levels that
could lead to overeating and abdominal weight gain
A focus should be on a protein and �ber-rich breakfast,
monounsaturated and polyunsaturated fats, 7-8 hours of sleep per night,
healthy vitamin D levels and aerobic exercise over 1 hour or high intensity
exercise to stabilize ghrelin levels
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MENTAL HEALTH & COGNITIVE

PERFORMANCE
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Mental Health and Cognitive Performance

Brain Repair and
Maintenance

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Multiple genes are responsible for daily neural repair and maintenance, and a
combination of genotypes are associated with decreased neural repair.

Your genotype combination is associated with slightly reduced neural
repair, which can a�ect healing from brain injuries and amplify damage
from poor sleep patterns
Limit or avoid activities with a high risk of concussions
Get eight hours of sleep per night for optimal repair
Be proactive with neural repair by focusing on safe endurance exercise,
DHA, B-vitamins, Lion's Mane mushroom, zinc, vitamin C, and vitamin E

Mental Health and Cognitive Performance

Concussion
Recovery

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

A combination of genotypes in the pathways responsible for glutamate
transport and modulation, BDNF levels, neural repair, and in�ammation during a
concussion are associated with delayed or improved recovery.

Your genotype combinations is associated with delayed recovery from
concussions
It is advised to be proactive with eight hours of sleep per night, zinc,
omega-3 fatty acids, Lion's Mane mushroom, B6, lithium, magnesium, B2,
folate, B12, vitamin C, choline, vitamin D, and consistent cardio
University of Bu�alo researchers published a study in the Clinical Journal
of Sports Medicine that individualized exercise programs just below the
onset of symptoms is safe and can relieve nearly all post-
concussion symptoms

Mental Health and Cognitive Performance

Episodic Memory
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

The 5-HT2A gene is associated with episodic memory, which is the ability to
recall details of an event.

Your 5-HT2A genotype is associated with an improved episodic memory

Mental Health and Cognitive Performance

Cardio, Mood and
Cognitive Fitness

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Cardiovascular exercise has a tremendous in�uence on neurotransmitter
balance, memory and cognitive �tness.

You have a higher than average requirement for cardiovascular exercise
to improve mood and cognitive �tness
Research shows that at least 30 minutes of cardio, 5 times a week, is the
target to hit for improved mood and cognitive �tness
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Mental Health and Cognitive Performance

Mood (Folate)
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

MTHFR genotypes determine folate requirements for healthy BH4 levels
responsible for neurotransmitter balance. The current daily value for folate is
400mcg DFE.

Your genotype may require 400-600mcg (or more) for healthy BH4
levels responsible for neurotransmitter balance
Foods high in folate include:
Liver (215mg) 3 oz.
Spinach (131mg) 1/2 cup cooked
Asparagus (89mg) 4 spears
Brussels sprouts (78mg) 1/2 cup
Broccoli (52mg) 1/2 cup

Mental Health and Cognitive Performance

Anxiety (Choline)
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

The PEMT gene is associated with your required choline intake to support
memory, anxiety and REM sleep.

Your PEMT genotype is associated with a higher need for choline
(550mg or more) to support memory, anxiety and REM sleep
Research has shown that uridine, DHA, and choline combined increases
levels of phosphatidylcholine in the brain more than each on their own
Foods high in choline include:
Liver (356mg) for 3 oz.
Egg (294mg) for 2 eggs
Beef top round (234mg) for 6 oz.
Chicken breast (144mg) for 6 oz.
Chicken thigh (120mg) for 6 oz.
Edamame (107mg) for 1/2 cup

Mental Health and Cognitive Performance

Anxiety
(Glutamate and
GABA)

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Anxiety is linked to altered levels of one or multiple neurotransmitters.
Understanding the genetic link to speci�c levels of neurotransmitters can help
you be precise in your approach to reduce anxiety.

Your genotype combination is associated with a reduced modulation of
glutamate levels that could cause high glutamate and low GABA that
could lead to anxiety
Too much sugar and ca�eine can create a high glutamate and low GABA
mental state
Cardio exercise, HIIT training and yoga have all been found to balance
glutamate and GABA levels
B6 and magnesium help convert excess glutamate to GABA (the
calming neurotransmitter)
Increase prebiotic intake to increase GABA levels and slow down an
overactive mind at night to assist sleep
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Mental Health and Cognitive Performance

Fear Response
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

The FAAH gene is associated with anandamide levels, correlated with a
heightened fear response to potential threats, while BDNF variants a�ect the
ability to extinguish the fear response.

Your genotype combination is associated with a heightened fear
response that may a�ect your ability to extinguish fear memories
Getting 30 minutes or more of aerobic exercise per day (especially in
altitude), CBD, and hops help increase anandamide - known as the "bliss
molecule" - to reduce the fear response

Mental Health and Cognitive Performance

Addiction
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

ANKK1 modulates the density of dopamine receptors in the brain and is the
most-studied genetic variant related to addictions. Variants have been
associated with alcoholism, opioid addiction, sugar addictions, compulsive
eating, obesity and Internet addiction.

Your genotype is associated with a lower density of dopamine receptors
for the ANKK1 gene, reducing dopamine targets within the striatum of
the brain
Lower dopamine targets could lead to a higher likelihood of addictive
behaviors
Getting 8 hours of sleep per night, keeping your blood sugar balanced
with adequate protein and �ber, high-intensity exercise, lower media
exposure, vitamin D, healthy iron levels, omega-3’s, and meditation all
increase dopamine receptor density

Mental Health and Cognitive Performance

Reward System
LOW MEDIUM HIGH

COMT rs4680 has been linked in a meta-analysis to variations in the reward
response based on genotypes associated with low and high dopamine levels.

Your genotype is associated with a lower dopamine response to reward
processing that could negatively a�ect motivation and delay decision
making
Creating deadlines for short term tasks and long term goals can help
create pressure and elevated dopamine levels to improve motivation and
decision making
To boost low dopamine with diet and exercise, you can increase your
intake of co�ee, green tea, chocolate, bananas, and berries, or exercise
with an element of risk

Warrior or Strategist

Pressure
Response

WARRIOR HYBRID (BOTH) STRATEGIST

Your COMT genotype is associated with the "Warrior" that has lower dopamine
levels, but a higher threshold for pressure and may even thrive in those
environments. Lower dopamine levels are useful in threatening environments
where maximal performance is required despite threat and pain.

To boost low dopamine for mood and concentration, you can increase
your intake of co�ee, green tea, chocolate, bananas, and berries, or
exercise with an element of risk
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Sleep Support

Recommended
Wake Time

EARLY AVERAGE LATE

Research has found that MTNR1B G allele carriers had a signi�cant association
with delayed melatonin release in the evenings and a substantially longer
duration of elevated melatonin levels in the morning.

Due to melatonin release ending earlier in the morning for your genotype,
an earlier wake time (earlier than 6:30am) may be easier without light
exposure
Melatonin supplementation was not found to cause impaired glucose
intolerance for your CC genotype

Sleep Support

Ca�eine Sleep
Disturbance

LESS LIKELY AVERAGE MORE LIKELY

The rate at which ca�eine is metabolized genetically is associated with
variations of sleep disturbance.

You are an intermediate metabolizer of ca�eine, which could a�ect sleep
if ca�eine is consumed in the late afternoon or evening
To accelerate the metabolism of ca�eine, schedule cardio exercise after
consumption and increase cruciferous vegetable intake

Sleep Support

REM Sleep
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Acetylcholine plays a role in promoting REM sleep, the phase that occurs while
we dream and where memory consolidation occurs.

Your genotype is associated with increased sensitivity to not meeting
your daily choline requirements for acetylcholine production and REM
sleep
You may be more sensitive to anticholinergic drugs, which block
acetylcholine and have been found in research to cause cognitive
decline
Make sure you are getting at least 550mg of choline per day, walking 45
minutes or more per day, and if consuming alcohol, you will sleep better
if you consume it before 6:00pm and limit the quantity
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Stress Management

Stress Perception
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Your perception of stress is unique to your genotypes and life experience.
Variants in 5-HT2A are associated with perceived stress, low vagal tone, anxiety,
depression, OCD, and IBS, especially in females.

Your genotypes are associated with a higher perception of stress
Moderate intensity aerobic exercise, meditation and yoga are
recommended for stress relief
Tryptophan, green or black tea, prebiotics, probiotics, B2, B6, B12, and
folate all target the 5-HT2A gene to help lower stress perception

Stress Management

Stress and
Digestion

AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

The G allele carriers of ADRB2 were associated with a higher percentage of IBS
cases, twice the rates of anxiety, and functional chest pain diagnoses.

Your genotype is associated with a higher percentage of digestive
issues from stress and elevated adrenaline levels
If you experience any of these, you may bene�t from a deep breathing
practice, meditation, yoga, vitamin C, and magnesium to modulate
adrenaline levels

Stress Management

Cardio and Stress
Relief

AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

The 5-HT2A gene for the serotonin has a role in BDNF regulation – which helps
regulate the excitatory neurotransmitter glutamate and calming
neurotransmitter GABA. The A allele for 5-HT2A rs6314 was found to cause a
lower expression of BDNF, and can compound the e�ect for those with variants
in BDNF for mood and behavior in response to stress.

Your genotype combination is associated with an increased
susceptibility to low BDNF levels in response to stress, causing high
glutamate and low GABA levels in the brain

Stress Management

Weight Training
and Stress Relief

AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Weight lifting has a higher impact on hormonal pathways that may provide
higher levels of stress relief based on the speed of these pathways.

Your genotype is associated with a lower level of dopamine and
adrenaline, and weight lifting may have less of an impact on stress
compared to other genotypes
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DETOXIFICATION
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Toxin Sensitivity

Mycotoxins
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Mycotoxins are toxic compounds that are naturally produced by certain types
of fungi. Research suggests that mycotoxins can decrease the formation of
glutathione due to decreased gene expression of the enzymes needed to form
glutathione.

Your genotype is associated with lower glutathione levels which may
cause glutathione depletion to occur at a faster rate and decrease
mycotoxin detoxi�cation
The highest exposure to mycotoxins can be in foods grown or stored in
damp conditions
This may include grains, nuts, corn, co�ee, wine, beer, grape juice,
sorghum, rice, dried beans, apples, pulses, cacao products, and spices
Boosting glutathione can be accomplished with selenium, glycine,
cysteine, alpha lipoic acid, vitamin C, and cruciferous vegetables

Toxin Sensitivity

Xenoestrogens
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Xenoestrogens are synthetic hormone disruptors found in plastics and
pesticides.

Your genotype is associated with a faster metabolism of xenoestrogens,
which may assist lowering the circulation and toxic activity

Toxin Sensitivity

Occupational
Toxins

AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Workers exposed to certain chemicals over a long period in the metalworking,
petroleum, agricultural industries and in glass factories are at increased risk for
occupational skin cancers.

Your genotypes are associated with an increased sensitivity to these
toxins
Focus on zinc, selenium, niacin, and vitamin C to improve DNA protection
for skin health
Ellagic acid, lutein, zeaxanthin, cocoa polyphenols, chaga tea, green tea
and citrus have all been found to help protect against skin damage and
cancerous growth

Toxin Sensitivity

Ethanol
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

ALDH2 encodes for aldehyde dehydrogenase, and variants can a�ect the levels
of acetaldehyde and therefore the carcinogenic e�ect of alcohol.

Your genotype is not associated with a higher risk of alcohol-related
adverse reactions including �ushing, palpitation, nausea, headache,
drowsiness, breathlessness, and general discomfort
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Toxin Sensitivity

Formaldehyde
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

The International Agency for Research on Cancer has classi�ed formaldehyde
as carcinogenic to humans. Sources of formaldehyde in the home include
building materials, smoking, household products, gas stoves, kerosene space
heaters, as a food preservative, permanent-press clothes, and draperies, as a
component of glues and adhesives, and as a preservative in some paints and
coating products. Variants in the XRCC3 DNA repair gene have been associated
with higher DNA damage from formaldehyde.

Your genotype is not associated with an increased sensitivity to
formaldehyde

Toxin Sensitivity

Benzo(a)pyrene
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Benzo(a)pyrene is a carcinogenic compound produced from the burning of
wood or trash, tobacco smoke, asphalt, coal, diesel exhaust, charred meat, and
gas cooking.

Your genotype combinations are associated with decreased
detoxi�cation of benzo(a)pyrene
It is recommended to increase your intake of cruciferous vegetables,
vitamin C, vitamin E, vitamin A, resveratrol, curcumin, green tea, and
white tea to protect and detoxify benzo(a)pyrene

Toxin Sensitivity

Aromatic Amines
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Aromatic amines are found in cigarettes, rubber factories, hair dyes that contain
4-aminobiphenyl, and meat cooked at high temperatures.

Your genotype combinations are associated with a slightly below
average detoxi�cation ability of aromatic amines
If your exposure is higher to aromatic amines, increase cruciferous
vegetable intake, carotenoids, vitamin C, and use marinades for meat
when barbecuing

Toxin Sensitivity

Benzene
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Sources of benzene include cigarette smoke, gasoline, exhaust, �res, industrial
emissions, paint, detergent, glue, furniture wax, building materials, paint,
petrochemical manufacturing, oil storage tanks, urban-industrial areas, service
stations, certain foods, certain creams, groundwater contamination, and
underground gasoline leaks.

Your genotype is associated with an average sensitivity to benzene
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Toxin Sensitivity

Aspartame
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Aspartame is an arti�cial sweetener that has been linked to behavioral,
neurological and cognitive problems, increased blood sugar, thyroid issues, and
certain types of cancer.

Your genotype combinations may increase the sensitivity to aspartame
Possible neurophysiological symptoms include learning problems,
headache, seizure, migraines, irritable moods, anxiety, depression, and
insomnia
Arti�cial sweeteners in general increased waist circumference 500
percent while aspartame increased blood sugar in diabetes-prone mice
Aspartame has been found to contribute to the formation of tumors in
the CNS such as gliomas, medulloblastomas, and
meningiomas, increased lymphoma and leukemia and, is an excitotoxin
to brain neurons
Aspartame in the body further metabolizes to formaldehyde, and rat
studies found that formaldehyde (as a metabolite of aspartame) caused
increased TSH levels and worsens the capacity of the gland leading to
thyroid failure

Toxin Sensitivity

Food Dyes
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Food dyes have been found to inhibit mitochondrial respiration: the ability of the
powerhouse of your cells to convert nutrients to energy. They have also been
found to especially a�ect those with ADHD.

Your genotype combination may lower the sensitivity to food dyes
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Pesticides, Herbicides and Heavy Metal
Sensitivity

Glyphosate
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Glyphosate is an herbicide that has been found to be highly toxic.

Your genotype is associated with average cellular protection against the
herbicide glyphosate
The highest glyphosate levels have been found in non-organic wheat
and non-organic pulses like beans, lentils, and peas
A meta-analysis of human epidemiological studies suggests a link
between exposures to glyphosate and an increased risk for non-
Hodgkin’s lymphoma
An association between glyphosate and thyroid disease comes from
plots over time of the usage of glyphosate in the U.S. on corn and soy
time-aligned with plots of the incidence rate of thyroid cancer in the U.S.
Manganese de�ciency and toxicity can occur simultaneously from
glyphosate exposure due to a disruption in liver enzymes, causing
transportation of manganese through the vagus nerve to the brainstem
where excess manganese can lead to Parkinson’s disease
The gut bacterium Lactobacillus is negatively impacted by glyphosate
and the depletion in associated with celiac disease
Humic acid from Shilajit has been shown in vivo to reduce glyphosate
concentration, inhibit the destructive e�ect of glyphosate on bene�cial
bacteria, and protect and repair against tight junction injury of the
digestive system

Pesticides, Herbicides and Heavy Metal
Sensitivity

Organochlorines
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Organochlorines are found in certain pesticides, PCBs and sucralose.

Your genotype is associated with improved protection against
organochlorines

Pesticides, Herbicides and Heavy Metal
Sensitivity

Organophosphate
Insecticides

AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

PON1 plays a large role in removing pesticides and is also involved with
supporting HDL function and LDL oxidation. Organophosphates are a class of
insecticides, including parathion and chlorpyrifos, that were among the most
widely used insecticides available until the 21st century.

Your PON1 genotype is associated with reduced PON1 levels and
detoxi�cation of organphosphate insecticides
Organophosophate insectides work by damaging an enzyme in the body
called acetylcholinesterase
Residential proximity to agricultural organophosphate application is
associated with faster cognitive and motor symptom decline among
Parkinson’s disease patients
Reduce exposure to pesticides, get adequate calcium and magnesium,
and consume pomegranates, broccoli sprouts, and high quality olive oil
to increase PON1 levels
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Pesticides, Herbicides and Heavy Metal
Sensitivity

Arsenic
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Arsenic is a heavy metal that is damaging at high levels. The highest dietary
sources of inorganic arsenic include contaminated groundwater and rice. A
consistent and growing body of evidence has shown that people who
metabolize arsenic poorly may be at two to four times the risk of developing
certain cancers and other arsenic-related diseases than people who are better
metabolizers.

Your genotype combination is associated with a reduced detoxi�cation
of arsenic
The highest dietary sources of inorganic arsenic include contaminated
groundwater and rice.
Optimal selenium and folate intake have been found to improve arsenic
detoxi�cation and mitigate toxicity
Chlorogenic acid - a polyphenol highest in light roast co�ee - has been
found to inhibit arsenic-induced neurotoxicity in mice
Chlorogenic acid is also found in moringa tea, strawberries, cherries,
bilberries, and wild blueberries

Pesticides, Herbicides and Heavy Metal
Sensitivity

Cadmium
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Chemical agriculture uses high amounts of synthetic organophosphates,
creating a very high phosphorus content. Synthetic phosphorus concentrates
the amounts of heavy metals, like cadmium in non-organic soils and food.
Choosing organic produce is one of the best ways to avoid excess cadmium.

Your genotype is associated with reduced detoxi�cation of the heavy
metal cadmium
The exposure and sensitivity to heavy metals like cadmium are
suspected reasons for the increased risk of certain cancers and male
infertility related to GSTP1 variants
Zinc has been found to reduce cadmium toxicity
Vitamin C, B1, B6, iron, and zinc de�ciencies have been reported to
enhance sensitivity towards cadmium
A study in rats found that chlorogenic acid - a polyphenol highest in light
roast co�ee - signi�cantly attenuated cadmium-induced oxidative brain
damage
Chlorogenic acid is also found in moringa tea, strawberries, cherries,
bilberries, and wild blueberries

Pesticides, Herbicides and Heavy Metal
Sensitivity

Mercury
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Mercury is a neurotoxin linked to neurological and behavioral disorders including
tremors, insomnia, memory loss, neuromuscular e�ects, headaches, and
cognitive and motor dysfunction. Burning coal for power and heat is a major
source of mercury exposure. Glutathione is responsible for protecting against
and detoxifying heavy metals like mercury.

Your glutathione genotypes are associated with reduced protection
against mercury toxicity
Mercury is found in many pharmaceutical drugs, dental amalgams, and
large �sh including sword�sh, ahi tuna, and halibut
Selenium blocks mercury uptake, folate decreases mercury levels, and
magnesium and holy basil protect against mercury toxicity
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Pesticides, Herbicides and Heavy Metal
Sensitivity

Lead
AVERAGE PRIORITY MEDIUM PRIORITY HIGH PRIORITY

Lead-based paint, lead-based dust in older buildings, contaminated water, and
air pollution are the major sources of lead. Exposure to lead over time may
cause abdominal pain, constipation, depression, distraction, forgetfulness,
irritability, and nausea.

Your genotype is associated with improved detoxi�cation of lead
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IMMUNE SUPPORT,

ANTIOXIDANTS AND

INFLAMMATION
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Bacteria, Yeast, Parasites and Viruses

H. Pylori
AVERAGE
PROTECTION

HIGH PROTECTION

The inactive “non-secretor” genotype for FUT2 confers resistance to H. Pylori. H.
Pylori is present in approximately 50% of the population in developed countries.

You do not have the non-secretor genotype for FUT2, associated with an
average susceptibility to H. Pylori
H. Pylori inhibition has been demonstrated with alcohol extracts of the
mushroom Lion's Mane

Bacteria, Yeast, Parasites and Viruses

Malaria
LOW PROTECTION MODERATE

PROTECTION
HIGH PROTECTION

Research has shown that MTHFR genotypes in�uence T-lymphocytes, natural
killer cells, and protection against malaria.

Your genotype is associated with lower levels of thymidine, which may
decrease lymphocyte replication and immune function in response to
malaria
The malaria parasite needs higher amounts of folate to survive and
replicate
For malaria-endemic regions, your genotype is associated with a higher
susceptibility to malaria

Bacteria, Yeast, Parasites and Viruses

Norovirus
AVERAGE
PROTECTION

HIGH PROTECTION

The inactive “non-secretor” genotype for FUT2 confers resistance to the
Norovirus.

You do not have the non-secretor genotype for FUT2, associated with an
average susceptibility to the Norovirus

Bacteria, Yeast, Parasites and Viruses

DNA Viruses
AVERAGE
PROTECTION

MODERATE
PROTECTION

HIGH PROTECTION

DNA viruses include HPV, Epstein Barre, herpes, and smallpox. Folate is a
precursor to BH4 to produce nitric oxide. Nitric oxide acts as an antiviral that is
more potent against DNA viruses.

Your genotype combination is associated with slightly lower BH4 levels
with insu�cent folate, lowering protection against DNA viruses
Low BH4 a�ects the aggressiveness of DNA viruses
To increase BH4, include foods high in folate, vitamin C, L-arginine, B6,
magnesium, and selenium for healthy nitric oxide levels and DNA virus
support
BH4 is depleted by high blood sugar, high omega-6 intake, chronic
stress, high levels of mercury, arsenic, lead and aluminum, aspartame,
and oxidative stress
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COVID-19

SARS-CoV-2
Susceptibility

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Genome-wide association studies have identi�ed a region of chromosome
3p21.31 as the for conferring susceptibility to infection with LZTFL1 as the
candidate gene. ApoE-e4, ACE2 and TMPRSS2 polymorphisms have been
shown to be strongly associated with the susceptibility, severity, and clinical
outcomes of COVID-19.

Your genotype combination is associated with a reduced probability to
SARS-CoV-2 infection
Advanced age, obesity, and being male are considered the top risk
factors for SARS-CoV-2 susceptibility, especially when combined with
Type 2 diabetes, high blood pressure, and cardiovascular disease
Research has shown that CBD, Chaga mushroom, birch bark and olive oil
may stop SARS CoV-2 entry by helping block the “lock” for viral entry
The �avonols kaempferol, quercetin, myricetin, �setin and their
derivatives were the most documented molecules with antiviral
activities against SARS-CoV-2
Propolis has antiviral activity and inhibitory e�ects on ACE2, TMPRSS2
and PAK1 signaling pathways used by SARS-CoV-2, while promoting
immunoregulation of pro-in�ammatory cytokines, and reducing the risk
of cytokine storm syndrome

COVID-19

COVID-19 Viral
Severity

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

ACE2 (the receptor for SARS-CoV-2) is reduced in individuals that are carriers
of ApoE4. Once the virus fuses with the cellular membranes, it takes control,
shuts down more ACE2 receptors, closing the door behind it. Fewer ACE2
receptors lead to elevated angiotensin II levels, which increases the viral load.
This leads to a more severe infection, NF-kb activation, lung damage, and viral
replication.

An analysis of your ApoE genotype and numerous genes involved in the
viral in�ammatory pathways show an association with a reduced risk of
viral severity
The risk of viral severity can still be increased by existing health issues
including Type 2 diabetes, obesity, high blood pressure, and
cardiovascular disease
In September 2020, Boston University found that SARS-CoV-2 is
highjacking the NF-kB pathway and should be a target for suppressing
viral aggressiveness
In addition to vaccination, NF-Kb inhibitors can be both preventative for
in�ammation and successful with slowing viral aggressiveness
These include vitamin C, vitamin D, zinc, selenium, magnesium,
cordyceps mushrooms, resveratrol, triterpenoids (Chaga, reishi, olive oil,
holy basil), ca�eic acid (co�ee, Chaga, elderberry), and anthocyanins
(elderberry, goji berries, cacao)
The dietary �avonols kaempferol, quercetin, myricetin, �setin were the
most documented molecules with antiviral activities against SARS-CoV-
2, and had a broad spectrum of biological activities that could reduce
the severity of infection symptoms and enhance the immune response
The strong association between air pollution exposure and COVID-19
mortality suggests that inhaled noxious particles in�uence COVID-19
outcomes
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COVID-19

COVID-19 Lung
Damage Severity

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Scientists at the University of Oxford published results in November 2021 that
variants in the LZTFL1 gene doubles the risk of lung failure and death from
COVID-19. Approximately 60% of people with South Asian ancestry, 15% of
people with European ancestry, 2% of people with African-Caribbean ancestry
and 1.8% of people with East Asian ancestry carry the high-risk variant.
Scientists found that the LZTFL1 gene high-risk variant a�ects the lungs, but
does not have an impact on the immune system.

Your genotype is not associated with an increased risk COVID-19
related lung damage severity

COVID-19

Glutathione
AVERAGE NEED INCREASED HIGH

Glutathione is the master antioxidant system involved in oxidative stress,
detoxi�cation, and immunity. The functional capacity of immune cells and the
ability to cope with oxidative stress has been proposed as one of the signi�cant
markers of health and longevity. In both animals and humans, those who reach
exceptionally old age have immune markers the same as young adults.

Your genotype combination is associated with decreased baseline
glutathione levels
Glutathione decreases with age, and low levels of glutathione are
associated with chronic exposure to chemical toxins, heavy metals and
excess alcohol, immunocompromised conditions, and
neurodegenerative disorders
Glutathione has been found to increase by 20% with deep breathing
practices like Tai Chi or yoga
For exercise, a combination of aerobic exercise and circuit weight
training produced the highest glutathione e�ect
Selenium, glycine, cysteine, vitamin C, and cruciferous vegetables all
improve glutathione levels
Chicken or bone broth, herbs, and spices are some of the best dietary
ways to maintain higher levels of glutathione
Some of the all-stars include cinnamon, anise, sage, and thyme due to
also containing the antiviral compound ca�eic acid

COVID-19

Vitamin A
AVERAGE NEED INCREASED HIGH

Vitamin A and some other retinoids show important immunomodulatory
properties, including the ability to increase the e�ciency of actions of type 1
interferons, an important antiviral cytokine released by the innate immune
system against viral infections. Coronaviruses similar to SARS-CoV-2 can
suppress the host IFN-I-based antiviral response as part of their infection
mechanism.

Your genotype is associated with a 69% lower conversion rate of beta-
carotene to vitamin A, making it important to include more animal-based
vitamin A to hit your daily target
Vitamin A intake by country shows that Spain is the country with the
lowest population meeting nutritional requirements for vitamin A,
followed by Belgium and Finland
Germany and Portugal show the best, and with the exception of Finland,
countries with suboptimal Vitamin A status are correlated (although not
signi�cantly) with their COVID-19 incidence and mortality
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COVID-19

Vitamin C
AVERAGE NEED INCREASED HIGH

Optimal status of vitamin C plays an important role in the proper working of the
immune system.

Your genotype is associated with average serum vitamin C levels
Countries such as the UK, France, Netherlands, and Belgium do not reach
optimal dietary intake of vitamin C
Germany stands out for its level of vitamin C intake in comparison with
other countries 
Despite suboptimal vitamin C intake correlating weakly with COVID-19
incidence, it correlates strongly with deaths percentage, which could
suggest a positive e�ect to �ght infection once the individual has already
been infected with SARS-CoV-2

COVID-19

Vitamin D
AVERAGE NEED INCREASED HIGH

Vitamin D plays a key role in modulating the immune system, and suboptimal or
de�cient consumption of vitamin D is associated with various conditions related
to a malfunction of the immune system and dysregulations in in�ammatory
status.

Your genotype is associated with below average circulating levels of
vitamin D
Vitamin D intake is de�cient in all countries studied with COVID severity,
with Spain, France, and Italy as the countries with the lowest intake
A meta-analysis of the studies appears to show that vitamin D is only
useful for those who are clinically low (below 20 ng/ml), with moderate
doses daily or weekly to raise levels being more e�ective than periodic
large doses

COVID-19

Selenium
AVERAGE NEED INCREASED HIGH

Suboptimal or de�cient levels of selenium are associated with decreased
cytotoxicity of NK cells, decreased antibody titers, and impaired cellular
immunity. Supplementation is commonly related to improvements in cellular
immunity and an improved optimal immune response against viruses, including
an inhibitory e�ect on the development of the poliovirus and in�uenza.

Your genotype is associated with an average need for selenium
Glutathione peroxidase 1 (GPX1) is a selenoenzyme with described
antioxidant and antiviral properties that depends on nutritional selenium
status
Spain is at the top for meeting selenium requirements while Denmark is
at the bottom
The only two populations above the median of the countries analyzed
included Finland and France, while the rest of the countries are below
the general median
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COVID-19

Zinc
AVERAGE NEED INCREASED HIGH

Optimal status of zinc is essential for the proper operation of the immune
system and regulates NF-kb, where zinc de�ciency in the setting of severe
infection provokes a systemic increase in NF-kB activation. In vitro approaches
have shown that zinc can inhibit SARS-CoV-1 replication.

Your genotype is associated with an average serum zinc
Scienti�c evidence supports that optimal zinc intake or supplementation
should be considered part of the strategy to reduce COVID-19 e�ects,
with early reports �nding that 15-23mg a day show signi�cant
improvement in symptoms

COVID-19

Copper
LOW NEED AVERAGE NEED INCREASED

Copper plays a key role in optimal performance of relevant components of the
immune system, such as NK cells, macrophages, neutrophils, and monocytes. A
de�ciency has been related to less e�ective immune responses against
infections, vulnerability for the heart and blood vessels to damage, and
increased virulence. Excessive intake is also associated with negative immune
function.

Your genotype is associated with lower serum copper

COVID-19

Iron
LOW NEED AVERAGE NEED INCREASED

Suboptimal levels of iron are associated with decreased killer e�ciency of NK
cells and lymphocytes as well as with compromised cytokine production. Both
iron uptake disturbances and metabolism are implicated in virulence of airway
hospital-acquired infection and chronic respiratory infections. In contrast,
excessive iron levels can generate harmful cellular toxicity, so their serum levels
must be well regulated.

Your genotype combination is associated with average serum iron levels
A retrospective study based on 50 hospitalized Chinese subjects with
con�rmed COVID-19 demonstrated that 90% of these subjects had
abnormally low serum iron concentrations
Populations with lower iron status could be more prone to su�er a mild
to severe (or critical) symptomatology of COVID-19 and the fact of
monitoring patient iron levels has been proposed as a potential early
marker to predict COVID-19 severity and mortality
Iron levels should always be monitored by your practitioner

COVID-19

B12
AVERAGE NEED INCREASED HIGH

Su�cient vitamin B12 intake is essential for antibody production and a
de�ciency is related to a lower concentration of circulating lymphocytes and
altered antibody-based responses. SARS CoV-2 infection is related to an
aggravation of the cellular metabolism and the homocysteine pathway causing
severe complications from COVID-19, and the correct supply of vitamin B12,
folate and B6 may be crucial for COVID-19 patients.

Your genotype is associated with intermediate B12 levels
Some of the countries least a�ected by SARS-CoV-2 show the highest
levels of vitamin B12 intake (Portugal and Finland)
Some of the countries most a�ected by SARS-CoV-2 (Belgium and
Spain) have intakes below the median
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COVID-19

Folate
AVERAGE NEED INCREASED HIGH

Folate is crucial for optimal Th-1 mediated immune response and proper
antibody production. Suboptimal levels of folate may trigger imbalances in T
and NK cell mediated immune responses and decrease the amount of antibody
production.

Your genotype combination is associated with a higher than average
need for folate
The correct intake of vitamin B6, folate and B12 in patients a�ected by
COVID-19 has been proposed as part of the disease treatment, even by
supplementation formulas, in an attempt to regulate the disruption of
cellular metabolism of the homocysteine pathway caused by the SARS-
CoV-2 infection

COVID-19

B6 (Pyridoxine)
AVERAGE NEED INCREASED HIGH

Vitamin B6 is essential for maintaining cytotoxic activity of NK cells, lymphocyte
development, and B-cell antibody production. Suboptimal intake is associated
with lower concentrations of circulating lymphocytes, impaired lymphocyte
maturation, and decreased antibody-based responses.

Your genotype is associated with low serum B6 levels, requiring a higher
than average intake of B6
The correct intake of vitamin B6, folate and B12 in patients a�ected by
COVID-19 has been proposed as part of the disease treatment, even by
supplementation formulas, in an attempt to regulate the disruption of
cellular metabolism of the homocysteine pathway caused by the SARS-
CoV-2 infection

COVID-19

Bi�dobacteria
AVERAGE NEED INCREASED HIGH

Approximately 80% of your immune system is in your gut. The good bacteria
bi�dobacterium is highest in breast-fed infants and has been found to be lower
in the higher-risk demographics for COVID-19 including those with diabetes,
obesity, asthma and the elderly. Bi�dobacteria populations have been found to
vary based on the FUT2 genotype.

Your genotype is associated with improved bi�dobacteria levels in the
gut, helping to protect against lower and upper respiratory infections
Prebiotics – found in foods like bananas, garlic, leeks, barley, asparagus,
pistachios, onions, and polyphenol-rich foods – have been found in
human trials to increase bi�dobacteria levels
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COVID-19

Glycine
AVERAGE NEED INCREASED HIGH

Glycine is one of the three major amino acids for glutathione production,
protecting the body from oxidative damage during the immune response, and
supporting T-cell proliferation.

Your genotype is associated with low type 1 collagen production,
increasing your glycine requirement
Type I collage is a major structural protein in the lung and is stimulated
during certain in�ammatory reactions in the lung
Collagen protein, bone, or chicken broth that gelatinizes, gelatin, meat
with the skin, ribs, shanks, and drumsticks are all ways to increase
dietary glycine
Baobab is considered an exceptionally good source of plant-based
glycine found in the hunter-gatherer Hazda diet
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DNA PROTECTION & REPAIR

43



DNA Protection & Repair

Glutathione
Protection

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Glutathione is the master antioxidant system involved in oxidative stress,
detoxi�cation, and immunity. Glutathione status parallels telomerase activity, an
important indicator of lifespan.

Your genotype combinations are associated with decreased baseline
glutathione levels
Glutathione decreases with age, and low levels of glutathione are
associated with chronic exposure to chemical toxins, heavy metals and
excess alcohol, immunocompromised conditions, and
neurodegenerative disorders
Glutathione has been found to increase by 20% with deep breathing
practices like Tai Chi or yoga
For exercise, a combination of aerobic exercise and circuit weight
training produced the highest glutathione e�ect
Selenium, glycine, cysteine, vitamin C, and cruciferous vegetables all
improve glutathione levels
Chicken or bone broth, herbs, and spices are some of the best dietary
ways to maintain higher levels of glutathione
Some of the all-stars include cinnamon, anise, sage, and thyme due to
also containing the antiviral compound ca�eic acid

DNA Protection & Repair

Catalase
Protection

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

CAT makes an enzyme called catalase, which helps reduce oxidative stress. CAT
is present in all aerobic cells while research has found the highest correlation to
prostate, breast, liver, and blood health.

Your genotype is associated with reduced catalase levels
Low catalase increases the sensitivity to DNA damage from BPA plastic
Foods high in �avonoids, the mushroom Lion’s Mane, holy basil, cumin,
anise, fennel, caraway, cardamom, and deep breathing practices all
improve catalase levels

DNA Protection & Repair

Mitochondrial
Protection

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

The SOD2 gene is responsible for superoxide dismutase levels, an important
protector of the mitochondria, the powerhouse of the cell.

Your genotype is associated with increased mitochondrial protection

DNA Protection & Repair

UV Protection
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

One hypothesis for variants in MTHFR 677 is that they were selected based on
higher folate intake and UV exposure, both common in Mediterranean climates.
What happens in the body when MTHFR enzymatic function is reduced is that
thymidine production increases. Thymidine enhances the repair of UV-induced
DNA damage to help quickly repair sun damage.

Your MTHFR genotype is associated with reduced UV protection from
the sun
To improve UV protection, increase your intake of folate-rich greens,
blackberries, wild salmon, cacao powder, schisandra, reishi, dill and dried
parsley
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DNA Protection & Repair

Skin Protection
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

GPX1 activity is considered to be the most important antioxidant enzyme
defense mechanism in the skin.

Your genotype is associated with improved antioxidant protection for
the skin

DNA Protection & Repair

Lung Protection
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Variants in the GSTP1 gene have been associated with lower antioxidant
support in the lungs when exposed to environmental pollution.

Your genotype is associated with slightly decreased lung protection
against environmental pollutants
Selenium, vitamin C, B1, B6, folate, zinc, magnesium, healthy iron levels,
milk thistle, holy basil, and cruciferous vegetables all target GSTP1 for
lung health

DNA Protection & Repair

Lung Protection
(Asian Ancestry)

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Glutathione levels and pro-in�ammatory cytokines, such as TNF-a, are found in
airways and environmental pollutants are known to induce in�ammatory
responses.

Your genotype combination is associated with reduced lung protection
against environmental pollutants
It is recommended to increase your intake of cruciferous vegetables,
vitamin C, vitamin E, vitamin A, milk thistle, resveratrol, curcumin, green
tea, and white tea to target the GSTM1 gene
Additional support includes cold water immersion, breathing exercises,
cordyceps, and ginger to target the TNFA gene

DNA Protection & Repair

Colon Protection
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

The MLH1 gene codes for a DNA repair enzyme linked to colon health.

Your genotype is associated with improved DNA protection for colon
health

DNA Protection & Repair

Cured Meat and
Colon Health

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

A large-scale genome-wide analysis of over 18,000 people from the U.S.,
Canada, Australia and Europe found that variants in GATA3 were associated
with an increased risk of colon cancer for those eating processed meat
compared to those with the normal genotype.

Your genotype is not associated with an increased risk of colon cancer
from cured meat consumption
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DNA Protection & Repair

Eye Protection
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Blue light is a high-energy or short-wavelength visible light from your phone
and computer that induces in�ammation and retinal diseases such as age-
related macular degeneration and retinitis pigmentosa.

Your genotype is associated with an average need for plants high in
lutein, zeaxanthin, and anthocyanins for eye health

DNA Protection & Repair

Thyroid Protection
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Up to 60 percent of those with a thyroid disorder are unaware of their condition.
The cause is considered largely unknown and occurs 10 times more in women
than in men. Hashimoto’s disease runs in the family and 70%–80% of
susceptibility to autoimmune thyroid disease is based on genetics.

Your genotype combination is associated with reduced thyroid
protection and a slightly increased risk of Hashimoto's disease
Autoimmune thyroid disease is associated with celiac disease
A de�ciency in selenium is associated with celiac disease and thyroid
disease, and plays a signi�cant role in thyroid hormone synthesis,
secretion and metabolism
Sucralose and glyphosate destroy gut �ora like lactobacillus, which
disturbs selenocysteine levels present in the catalytic center of enzymes
that protect the thyroid from free radical damage
The arti�cial sweetener aspartame in the body further metabolizes to
formaldehyde, and rat studies found that formaldehyde (as a metabolite
of aspartame) caused increased TSH levels and worsens the capacity of
the gland leading to thyroid failure

DNA Protection & Repair

Pancreas
Protection

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Multiple genes are linked to DNA protection for pancreatic health.

Your genotype combination is associated with decreased DNA
protection for pancreatic health
One cohort study found a signi�cantly decreased risk of pancreatic
cancer by 55% for the highest levels of dietary folate compared with the
lowest
Recent epidemiological studies have associated nut consumption with a
protective e�ect against pancreatic cancer
Increase your folate-rich fruits and vegetables, and increase nut
consumption to improve pancreatic health

DNA Protection & Repair

Bladder Protection
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Certain gene combinations have been found to decrease the detoxi�cation
ability of certain toxins found to be carcinogenic for the bladder.

Your genotype is associated with decreased DNA protection for bladder
health
Avoid tobacco smoke, commercial hair dyes, working in industrial and
manufacturing plants, charred meat, and diesel exhaust
Increase your cruciferous vegetables, carotenoid, and vitamin C intake
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CARDIOVASCULAR HEALTH &

EXERCISE
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Cardiovascular Health

HDL and LDL
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

ApoE is connected to HDL and LDL levels, while PON1 is involved with
supporting HDL function and LDL oxidation, an important mechanism in
atherosclerosis and heart disease.

Your genotype combination is associated with a higher likelihood of
good HDL levels and a lower likelihood of higher levels of LDL, oxidized
LDL, and total cholesterol

Cardiovascular Health

VLDL
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Subjects with variants in PPAR-alpha have been found to have a larger waist
circumference and a higher proportion of small, dense LDL particle size.

Your genotype is not associated with a higher proportion of small, dense
LDL particle size

Cardiovascular Health

Triglycerides
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Variants in the FADS1 SNP (rs174546) are associated with elevated triglyceride
levels.

Your genotype is associated with elevated triglycerides
Numerous studies have found that omega-3 fatty acids administered as
�sh oil supplements lowers plasma triglyceride levels by 25% to 34%

Cardiovascular Health

ApoB
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

ApoB is a protein that is involved in the metabolism of lipids and is the main
protein constituent of lipoproteins. High levels of ApoB, especially with the
higher LDL particle concentrations, are the primary driver of arterial plaque. The
PPAR-alpha polymorphism has been associated with ApoB in many populations
such as Caucasians, Indians, and African-Americans.

Your genotype is not associated with elevated ApoB levels

Cardiovascular Health

Lp(a)
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Lp(a )is a sticky form of LDL that appears to a�ect plaque growth, LDL particle
size and increase the risk of plaque rupture and blood clotting.

Your genotype is not associated with elevated Lp(a) levels
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Cardiovascular Health

Raw Plant Intake
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

The risk of heart attacks and cardiovascular disease conferred by the 9p21
gene appears to be modi�ed by a prudent diet high in raw vegetables and fruits
for South Asian, Latin American, Arab, Chinese and European populations for
variants in rs4977574.

You have a higher than average requirement for raw fruits and
vegetables to maintain a healthy heart

Cardiovascular Health

Nitric Oxide
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

The uncoupling of nitric oxide has been linked to play an essential role in
cardiovascular pathologies including dilated cardiomyopathy, ischemia-
reperfusion injury, endothelial dysfunction, atherosclerosis, and hypertension.

Your genotype combinations are associated with a higher than average
need for folate to produce adequate BH4, the precursor to nitric oxide
BH4 is depleted by high blood sugar, high omega-6 intake, chronic
stress, high levels of mercury, arsenic, lead and aluminum, aspartame,
and oxidative stress
Other strategies to increase BH4 include vitamin C, L-arginine, B6,
magnesium, and selenium

Cardiovascular Health

Homocysteine
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Homocysteine is a non-protein amino acid that is produced from methionine,
can be recycled back into methionine and converted into cysteine in the
methylation cycle. High homocysteine levels have been connected to
depression, blood clots, in�ammation, macular degeneration, dementia, and
cancer.

You have an average need for folate to maintain healthy homocysteine
levels

Cardiovascular Health

High Blood
Pressure

AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Age-related increases in blood pressure have been observed in almost every
population, except among hunter-gatherers and farmers. High physical activity,
low-stress levels, and potentially protective diets high in fruits, vegetables,
potassium, lower in calories, salt, and alcohol are the major contributing factors
to the stark di�erences.

Your genotype combination is associated with normal blood pressure
levels

Cardiovascular Health

Blood Clots
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Deep vein thrombosis is a condition that occurs when a blood clot forms in a
vein deep inside a part of the body and is most common for those over 60.
Variants in F5 increase the risk of deep vein thrombosis.

Your genotype is not associated with deep vein thrombosis
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Cardiovascular Health

Uric Acid
AVERAGE MEDIUM PRIORITY HIGH PRIORITY

Variants in the ABCG2 gene have been associated with elevated uric acid levels
and an increased risk of gout in Asians, Europeans, African Americans, Mexican
Americans, and American Indians. Epidemiological studies have shown that uric
levels are positively correlated with gout, hypertension, atherosclerosis, atrial
�brillation, and heart failure.

Your genotype is associated with increased uric acid levels
The association with your genotype and elevated uric acid levels is
signi�cantly stronger in men, postmenopausal women, and hormone
therapy users
Your genotype increases your sensitivity to sugar, alcohol intake, high-
purine foods like liver, and dehydration with the development of gout
Avoid re�ned sugar, increase water intake, parsley, quercetin, kaempferol,
olive oil and vitamin C

Cardiovascular Health

Hemochromatosis
LESS LIKELY SLIGHT RISK MORE LIKELY

A homozygous HFE C282Y may lead to an iron overload due to increased iron
absorption and disrupted metabolism. People who are homozygous for the HFE
C282Y gene mutation comprise 85 to 90 percent of those with
hemochromatosis in whites of western European descent.

Your wild-type HFE genotype is associated with a reduced likelihood of
genetically linked hemochromatosis
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Exercise

Power Athlete
Potential

LOW MEDIUM HIGH

ACTN3 is currently the most promising gene for predicting the likelihood of
becoming an Olympic level sprint and power athlete in males and females. The
RR (CC) genotype expresses the ACTN3 protein found in Type II muscle �bers,
which produces explosive and powerful contractions.

You have the RX genotype for the ACTN3 gene associated with
enhanced improvements in strength, power and muscle hypertrophy
More powerful muscle contractions
Higher muscle hypertrophy response
Faster recovery

Exercise

Weight Lifting
In�ammation

LESS AVERAGE MORE

Weight lifting leads to a variation in muscle in�ammatory markers based on
genetics and intensity.

Your genotype combination is associated with average levels of muscle
in�ammation (creatine kinase) for weight lifting
To accelerate recovery, ice baths, whey protein, American ginseng,
curcumin, vitamin C, and collagen protein have all been found to
attenuate creatine kinase levels

Exercise

Endurance
Exercise
In�ammation

LESS AVERAGE MORE

Endurance training leads to a variation in creatine kinase levels based on
genetics.

Your genotype combination is associated with average levels of muscle
in�ammation (creatine kinase) for endurance exercise

Exercise

High-Intensity
Exercise
In�ammation

LESS AVERAGE MORE

High-intensity exercise is de�ned as 70% to 85% of your maximum heart rate,
and in�ammation variation has been associated with the SOD2 gene.

Your SOD2 genotype is associated with less muscle in�ammation in
response to high-intensity exercise

Exercise

ACL and Shoulder
Dislocation Risk

LESS RISK AVERAGE HIGH RISK

The COL1A1 gene is associated with ACL and shoulder injury risk.

Your COL1A1 genotype is associated with an increased need for dietary
collagen to prevent ACL and shoulder injuries
Vitamin C, zinc, copper, glycine, proline, lysine, and B6 are all precursors
to collagen production
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Exercise

Ankle and
Hamstring Injury
Risk

LESS RISK AVERAGE HIGH RISK

The ACTN3 gene is linked to increased or decreased risk of ankle and hamstring
injuries.

Your ACTN3 genotype is associated with an average risk of ankle and
hamstring injuries

Exercise

Cold Endurance
LESS AVERAGE MORE

The ACTN3 gene is associated with a lower or higher adaptation rate to cold
endurance.

You have the ACTN3 RX genotype, associated with an average
adaptation rate to cold endurance

Exercise

VO2 Max
Trainability

LOW AVERAGE ABOVE AVERAGE

VO2 max is measurement for oxygen capacity and endurance training. The
most recent research has shown that 97 genes predicted VO2 max trainability.
The phenotype is dependent on several of these variants combined together,
which may contribute to approximately 50% of an individual’s VO2 max
trainability.

Research has shown that your genotypes for multiple genes are
associated with a higher VO2 max training response

Exercise

Ca�eine Response
for Exercise Under
1 Hour

LOW NO RESPONSE HIGH

The CYP1A2 gene is associated with ca�eine response for improving or
decreasing exercise performance.

Ca�eine was not found to improve or decrease exercise performance for
your CYP1A2 genotype

Exercise

Ca�eine Response
for Exercise Over 1
Hour

LOW NO RESPONSE HIGH

The CYP1A2 gene is associated with ca�eine response for improving or
decreasing exercise performance.

Ca�eine was not found to improve or decrease exercise performance for
your CYP1A2 genotype
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IRODWH�F\FOH��+RZHYHU��YDULDQWV�LQ�07+)5�����FDQ�DOVR�DIIHFW�IROLF�DFLG�PHWDEROLVP�

��%����%��DQG�=LQF�075���<RX�PD\�KDYH�LPSURYHG�075�IXQFWLRQ��DVVLVWLQJ�KRPRF\VWHLQH�PHWDEROLVP�

��%���0755���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�JHQH�IXQFWLRQ��DVVLVWLQJ�%���DQG�KRPRF\VWHLQH�PHWDEROLVP�

��$UVHQLF�&%6���<RXU�JHQRW\SHV�DUH�DVVRFLDWHG�ZLWK�LPSURYHG�DUVHQLF�PHWDEROLVP�DQG�GHWR[LILFDWLRQ�IRU�WKH�&%6�JHQHV�
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��6H[�+RUPRQH�%LQGLQJ�*OREXOLQ���,I�\RX�DUH�IHPDOH��\RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�KHOSLQJ�PDLQWDLQ�QRUPDO�HVWURJHQ
DQG�WHVWRVWHURQH�OHYHOV��2WKHU�HSLJHQHWLF�IDFWRUV�OLNH�REHVLW\��IDWW\�OLYHU��DQG�7\SH���GLDEHWHV�VKRXOG�EH�FRQVLGHUHG�ZKHQ
DVVHVVLQJ�6+%*�OHYHOV�

��7HVWRVWHURQH�0HQ���,I�\RX�DUH�PDOH��\RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�WRWDO�DQG�IUHH�WHVWRVWHURQH�OHYHOV�IRU�WKH
6+%*�UV�����JHQH�

��7K\URLG�',�����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�DYHUDJH�',���JHQH�IXQFWLRQ�IRU�7��DQG�7��WK\URLG�IXQFWLRQ��KRZHYHU
RWKHU�HSLJHQHWLF�IDFWRUV�VKRXOG�EH�DVVHVVHG�

��(VWURJHQ�0HWDEROLVP�&<3�$����<RXU�&<3�$��ZLOG�W\SH�JHQRW\SH�LV�LPSURYHG�IRU�WKH�EHJLQQLQJ�SKDVH�RI�HVWURJHQ
PHWDEROLVP��3OHDVH�UHYLHZ�DOO�JHQHV�LQYROYHG�LQ�HVWURJHQ�PHWDEROLVP�IRU�D�FRPSOHWH�SLFWXUH�RI�WKH�SURFHVV�

��(VWURJHQ�0HWDEROLVP�&207���)RU�HVWURJHQ�PHWDEROLVP�DQG�GHWR[LILFDWLRQ��WKRVH�ZLWK�WKH�IDVW�**�&207�9���0
JHQRW\SH�PD\�KDYH�D�UHGXFWLRQ�LQ�KDUPIXO�HVWURJHQ�PHWDEROLWHV�WKDW�FDQ�FDXVH�'1$�GDPDJH��+RZHYHU��\RX�PD\�QHHG�D
KLJKHU�JUHHQ�WHD�SRO\SKHQRO�LQWDNH�WR�REWDLQ�WKH�VDPH�EHQHILWV�DV�WKH�RWKHU�&207�JHQRW\SHV�GXH�WR�D�IDVWHU�PHWDEROLF
UDWH�

��(VWURERORPH�)87����<RXU�KHWHUR]\JRXV�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�ELILGREDFWHULD�JXW�EDFWHULD��DVVLVWLQJ�WKH
JXW�SKDVH�RI�HVWURJHQ�GHWR[LILFDWLRQ�

��0715�%�0HODWRQLQ���<RX�KDYH�WKH�&&�0715�%�JHQRW\SH��ZKLFK�LV�DVVRFLDWHG�ZLWK�D�QRUPDO�FLUFDGLDQ�UK\WKP�RI
PHODWRQLQ�SURGXFWLRQ�DW�QLJKW�DQG�LQ�WKH�PRUQLQJ��7KLV�JLYHV�\RX�D�ZLGHU�WLPH�UDQJH�IRU�EUHDNIDVW�DQG�GLQQHU�IRU
JO\FHPLF�FRQWURO�

0(17$/�+($/7+��1(85275$160,77(56�	�&2*1,7,9(�3(5)250$1&(

��6HURWRQLQ�5HFHSWRU�0HPRU\���<RX�KDYH�WKH�ZLOG�W\SH�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�DQ�LPSURYHG�HSLVRGLF�PHPRU\�
ZKLFK�LV�WKH�DELOLW\�WR�UHFDOO�GHWDLOV�UHJDUGLQJ�SHUVRQDO�H[SHULHQFHV��QDPHV�RI�SHRSOH��VSHFLILF�HYHQWV��DQG�ZKDW�H[DFWO\
RFFXUUHG�

��'RSDPLQH��$GUHQDOLQH�DQG�(VWURJHQ�&207���7KH�ZLOG�W\SH�**�9���0�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�DQ�LPSURYHG
EUHDNGRZQ�RI�GRSDPLQH��DGUHQDOLQH��DQG�HVWURJHQ�LQ�UHVSRQVH�WR�SUHVVXUH��7KH�EHQHILWV�WR�\RXU�JHQRW\SH�PD\�EH�D
FDOPHU�UHVSRQVH�WR�KLJK�SUHVVXUH�VLWXDWLRQV�DQG�WKH�DELOLW\�WR�EH�PRUH�HPRWLRQDOO\�UHVLOLHQW�LQ�D�FULVLV��5HVHDUFK�KDV�DOVR
IRXQG�WKDW�\RXU�JHQRW\SH�KDG�D�KLJKHU�WKUHVKROG�RI�SDLQ�DQG�VFRUHG�KLJKHU�RQ�VRFLDO�IDFLOLWDWLRQ�DQG�FRRSHUDWLYHQHVV�

��+LVWDPLQHV�DQG�0LJUDLQHV�'$2���7KH�ZLOG�W\SH�&&�JHQRW\SH�IRU�'$2�UV��������LV�DVVRFLDWHG�ZLWK�D�UHGXFHG�ULVN�RI
KLVWDPLQH�LQGXFHG�PLJUDLQH�KHDGDFKHV�

��&KROHVWHURO�$32(���<RX�KDYH�WKH�$SR(�H��H��JHQRW\SH��LPSURYLQJ�FKROHVWHURO�WUDQVSRUW�DQG�WKH�PDLQWHQDQFH�RI�EUDLQ
QHXURQV��7KH�$SR(�H��DOOHOH�LPSURYHV�FRJQLWLYH�ILWQHVV��+'/�DQG�/'/�SURILOHV��YLUDO�SURWHFWLRQ��DQG�WKH�UHVSRQVH�WR�SODQW
ELRDFWLYH�FRPSRXQGV�
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��&HOO�3URWHFWLRQ�62'����<RX�PD\�KDYH�LPSURYHG�62'��IXQFWLRQ�WR�SURWHFW�WR�WKH�PLWRFKRQGULD��SRZHUKRXVH�RI�WKH�FHOO��

��*OXWDWKLRQH�*670����:KLOH�WKH�*670��QXOO�JHQRW\SH�KDV�EHHQ�DVVRFLDWHG�ZLWK�D�JUHDWHU�VHQVLWLYLW\�WR�EHQ]R�D�S\UHQH�
WKHUH�LV�DOVR�D�EHQHILW�WR�WKLV�JHQRW\SH��7KH�EHQHILW�LV�WKDW�WKH�QXOO�JHQRW\SH�PD\�UHWDLQ�D�KLJKHU�OHYHO�RI�LVRWKLRF\DQDWHV�
WKH�DQWL�FDQFHU�FRPSRXQGV�IRXQG�LQ�FUXFLIHURXV�YHJHWDEOHV�WKDW�PD\�DOVR�EH�UHTXLUHG�LQ�KLJKHU�DPRXQWV�IRU�WKLV
JHQRW\SH�

��*OXWDWKLRQH�*673����:KLOH�WKH�KRPR]\JRXV�**�JHQRW\SH�IRU�*673��UV�����LV�DVVRFLDWHG�ZLWK�D�KLJKHU�VHQVLWLYLW\�WR
KHDY\�PHWDOV��RQH�DGYDQWDJH�PD\�EH�DQ�LQFUHDVHG�92��PD[�UHVSRQVH�IURP�HQGXUDQFH�WUDLQLQJ�FRPSDUHG�WR�WKH�ZLOG�
W\SH�JHQRW\SH�

��*OXWDWKLRQH�*3;����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�VHOHQLXP�VWDWXV�DQG�JOXWDWKLRQH�SHUR[LGDVH�WR�ERRVW
'1$�SURWHFWLRQ��KHDW�VWUHVV�WROHUDQFH��VNLQ�SURWHFWLRQ�DQG�ORQJHYLW\�

��1LWULF�2[LGH�126����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�DQ�DYHUDJH�UHTXLUHG�LQWDNH�RI�UHG��\HOORZ��DQG�RUDQJH�YHJHWDEOHV
WR�PRGXODWH�WKH�LQIODPPDWRU\�SURFHVV�IRU�126��

��1LWULF�2[LGH�126����<RXU�126�$�JHQH�LV�IXQFWLRQLQJ�RSWLPDOO\�IRU�UHGXFLQJ�WKH�SUREDELOLW\�RI�DJH�UHODWHG�PDFXODU
GHJHQHUDWLRQ�IURP�FLJDUHWWH�VPRNH�

��(\H�+HDOWK�&)+���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�DQWLR[LGDQW�VXSSRUW�IRU�KHDOWK\�H\HV�

��(\H�+HDOWK�$506����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�ORZHU�VHQVLWLYLW\�WR�WKH�QHJDWLYH�HIIHFWV�RI�VPRNLQJ�RQ�H\H
KHDOWK�

'(72;,),&$7,21

��/LYHU�(Q]\PH�&<3�$����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�GHWR[LILFDWLRQ�RI�EHQ]RS\UHQH�IURP�FLJDUHWWH�VPRNH
DQG�ZLOO�DVVLVW�WKH�IXQFWLRQ�RI�\RXU�*670��JHQH�

��/LYHU�(Q]\PH�7+&�DQG�&<3�&����<RX�KDYH�WKH�ZLOG�W\SH�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�LPSURYHG�PHWDEROLVP�RI�7+&�
WKH�DFWLYH�SV\FKRDFWLYH�FRPSRXQG�LQ�FDQQDELV�

��/LYHU�(Q]\PH�&<3�'����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�PHWDEROLVP�RI�FHUWDLQ�GUXJV�DVVRFLDWHG�ZLWK
&<3�'��UV���������+RZHYHU��PRUH�&<3�'��613V�DUH�QHHGHG�IRU�D�FRPSOHWH�SDQHO��3OHDVH�WDON�WR�\RXU�GRFWRU�DERXW
IXUWKHU�WHVWLQJ�IRU�&<3�'��DQG�GUXJ�PHWDEROLVP�

��/LYHU�(Q]\PH�&<3�(����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�PHWDEROLVP�RI�EHQ]HQH�DQG�DFU\ODPLGH�IRU�FRORQ
KHDOWK�

��/LYHU�(Q]\PH�&<3�$����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�QRUPDO�PHWDEROLVP�RI�FHUWDLQ�GUXJV�WKDW�XVH�WKLV�HQ]\PH��:H
UHFRPPHQG�IXUWKHU�SKDUPDFRJHQRPLF�WHVWLQJ�ZLWK�\RXU�GRFWRU�IRU�PRUH�LQIRUPDWLRQ�UHJDUGLQJ�&<3�$��

��$URPDWLF�$PLQHV�1$7����<RX�KDYH�WKH�LQWHUPHGLDWH�DFHW\ODWRU�JHQRW\SH�IRU�1$7���ZKLFK�LV�DVVRFLDWHG�ZLWK�D�UHGXFHG
ULVN�RI�EODGGHU�FDQFHU�LQ�VPRNHUV�DQG�PD\�LPSURYH�WKH�GHWR[LILFDWLRQ�RI�DURPDWLF�DPLQHV�IRXQG�LQ�FRPPHUFLDO�KDLU�G\HV�
LQGXVWULDO�DQG�PDQXIDFWXULQJ�SODQWV��PHDW�FRRNHG�DW�KLJK�WHPSHUDWXUHV��DQG�GLHVHO�H[KDXVW�

��9LWDPLQ�.��92.5&�
����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�QRUPDO�YLWDPLQ�.��OHYHOV�XQOHVV�JXW�IXQFWLRQ�LV�FRPSURPLVHG
IURP�DQWLELRWLFV��6,%2��OHDN\�JXW�V\QGURPH��,%6��,%'��&URKQfV�GLVHDVH�RU�SDUDVLWHV�

��6WDWLQV�&24����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�ORZHU�OLNHOLKRRG�RI�VWDWLQ�GUXJ�LQGXFHG�PXVFOH�SDLQ�
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��'1$�5HSDLU�0/+����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�'1$�UHSDLU�IRU�FRORQ��HQGRPHWULXP��OXQJ��DQG�EUDLQ
SURWHFWLRQ�

��3URFHVVHG�0HDW�DQG�&RORQ�&DQFHU�*$7$����<RX�KDYH�WKH�ZLOG�W\SH�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�D�UHGXFHG�ULVN�RI
SURFHVVHG�PHDW�FRQVXPSWLRQ�DQG�FRORQ�FDQFHU�

��/RQJHYLW\�6,57����<RXU�6,57��JHQRW\SH�LV�DVVRFLDWHG�ZLWK�QRUPDO�6,57��DFWLYLW\�IRU�ORQJHYLW\��:KLOH�QRW�D�ZHDNQHVV�
\RX�PD\�ZDQW�WR�LQFUHDVH�6,57��DFWLYLW\�HSLJHQHWLFDOO\�WR�LQFUHDVH�WKH�SUREDELOLW\�RI�ORQJHYLW\��HVSHFLDOO\�LI�\RX�KDYH�WKH
$32(�H��DOOHOH��$�VHGHQWDU\�OLIHVW\OH��DJLQJ��SRRU�GLHW��DQG�REHVLW\�ORZHUV�6,57��DFWLYLW\��([HUFLVH��IDVWLQJ������KRXUV�RI
VOHHS�SHU�QLJKW��VDXQDV��SRO\SKHQROV��YLWDPLQ�'��RPHJD���IDWW\�DFLGV��UHVYHUDWURO��PDJQHVLXP��DQG�PHODWRQLQ�KDYH�DOO
EHHQ�IRXQG�WR�LQFUHDVH�6,57��DFWLYLW\�

&$5',29$6&8/$5�+($/7+�	�(;(5&,6(

��3RZHU�DQG�5HFRYHU\�$&71����<RX�KDYH�WKH�5;�JHQRW\SH�DVVRFLDWHG�ZLWK�HQKDQFHG�LPSURYHPHQWV�LQ�VWUHQJWK��PXVFOH
K\SHUWURSK\��VSULQW�WLPHV��SURWHFWLRQ�IURP�HFFHQWULF�WUDLQLQJ�LQGXFHG�PXVFOH�GDPDJH��DQG�D�UHGXFHG�ULVN�RI�VSRUWV�LQMXU\�
7KH�5;�JHQRW\SH�PD\�UHSUHVHQW�WKH�EHVW�RI�ERWK�$&71��JHQRW\SHV�IRU�VWUHQJWK�WUDLQLQJ��PDLQWDLQLQJ�OHDQ�PXVFOH�PDVV
ODWHU�LQ�OLIH��DQG�ORQJHYLW\�

��/XQJ�&\WRNLQHV�71)$���,I�\RX�KDYH�$VLDQ�DQFHVWU\��\RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�71)�D�JHQH�IXQFWLRQ�IRU
ORZHU�LQIODPPDWLRQ�LQ�WKH�OXQJV�

��0XVFOH�,QIODPPDWLRQ�62'����<RX�KDYH�WKH�ZLOG�W\SH�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�LPSURYHG�62'��IXQFWLRQ�LQ
UHVSRQVH�WR�KLJK�LQWHQVLW\�H[HUFLVH��UHGXFLQJ�WKH�LQIODPPDWRU\�UHVSRQVH�LQ�PXVFOH�WLVVXH�FRPSDUHG�WR�WKH�KRPR]\JRXV
FDUULHUV�

��/'/�/3$���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�KHDOWK\�/S�D��OHYHOV��D�VWLFN\�IRUP�RI�/'/�WKDW�DIIHFWV�SODTXH�OHYHOV�

��%ORRG�&ORWV�)����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LPSURYHG�JHQH�IXQFWLRQ�IRU�D�ORZHU�SUREDELOLW\�RI�GHHS�YHLQ
WKURPERVLV�

��6WUHVV�$'5%����<RX�KDYH�WKH�ZLOG�W\SH�**�JHQRW\SH�IRU�$'5%��UV��������WKDW�LV�DVVRFLDWHG�ZLWK�D�ORZHU�LQIODPPDWRU\
UHVSRQVH�RQ�WKH�KHDUW�IURP�FKURQLF�VWUHVV�

��%ORRG�3UHVVXUH�$&(����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�LQWHUPHGLDWH�EDVHOLQH�$&(�OHYHOV��,I�\RX�DUH�IHPDOH��$&(�OHYHOV
PD\�EH�ORZHU��'HSHQGLQJ�RQ�$&(��OHYHOV��\RX�PD\�KDYH�D�PRUH�EDODQFHG�UHQLQ�DQJLRWHQVLQ�V\VWHP�IRU�EORRG�SUHVVXUH�

��3RWDVVLXP�DQG�0DJQHVLXP�$''����,I�\RX�KDYH�$VLDQ�DQFHVWU\��\RXU�ZLOG�W\SH�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�UHGXFHG�ULVN
RI�D�KLJKHU�VRGLXP�LQWDNH�FDXVLQJ�HOHYDWHG�EORRG�SUHVVXUH�

��%ORRG�3UHVVXUH�$&(����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�KLJKHU�EDVHOLQH�$&(���LPSURYLQJ�WKH�EDODQFH�EHWZHHQ�$&(�
DQG�$&(��IRU�EORRG�SUHVVXUH��DQG�SRWHQWLDOO\�ORZHULQJ�WKH�ULVN�RI�&29,'����VHYHULW\��2WKHU�GLHWDU\�KDELWV�DQG�KHDOWK
LVVXHV�FRXOG�DIIHFW�WKLV�UHVXOW�

��3K\WRHVWURJHQV�703566����<RX�KDYH�WKH�$*�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�D�ORZHU�H[SUHVVLRQ�RI�703566��DQG�PD\
GHFUHDVH�WKH�VXVFHSWLELOLW\�WR�YLUDO�LQIHFWLRQV�DQG�SURVWDWH�FDQFHU��PHQ��

56



0<�+($/7+�5(3257��:($.1(66(6
*HQHV�DUH�QRW�\RXU�GHVWLQ\���WKH\�DUH�\RXU�EOXHSULQW��3OHDVH�XQGHUVWDQG�WKDW�WKHVH�ZHDNQHVVHV�FDQ�EH�WXUQHG�LQWR�VWUHQJWKV�EDVHG�RQ�WKH
SHUVRQDOL]HG�UHFRPPHQGDWLRQV�JLYHQ�EHORZ��0DNLQJ�VWUDWHJLF�FKDQJHV�WR�GLHW��HQYLURQPHQW��VWUHVVRUV��DQG�HYHQ�UHODWLRQVKLSV�FDQ�KDYH�D
SURIRXQG�HIIHFW�RQ�RSWLPL]LQJ�JHQH�IXQFWLRQ��$LP�WR�WXUQ�HYHU\�ZHDNQHVV�LQWR�D�VWUHQJWK�E\�JLYLQJ�DWWHQWLRQ�WR�WKH�SURDFWLYH��FXVWRPL]HG
GLHWDU\�DQG�OLIHVW\OH�PRGLILFDWLRQ�UHFRPPHQGDWLRQV�LQ�WKLV�VHFWLRQ�

1875,(17�0(7$%2/,60�	�',*(67,21

��%HWD�&DURWHQH�WR�9LWDPLQ�$�&RQYHUVLRQ�5DWH�%&02����<RXU�%&02��JHQRW\SH�FRPELQDWLRQ�LV�DVVRFLDWHG�ZLWK�D�UHGXFHG
FRQYHUVLRQ�UDWH�RI�SODQW�EDVHG�EHWD�FDURWHQH��VTXDVK��VZHHW�SRWDWRHV��FDUURWV��WR�YLWDPLQ�$��7KLV�LQFUHDVHV�\RXU�QHHG�IRU
IRRGV�KLJKHU�LQ�YLWDPLQ�$�OLNH�HJJV��FRG�OLYHU�RLO��ZLOG�VDOPRQ�RLO�DQG�RUJDQ�PHDWV�IRU�VNLQ��GLJHVWLRQ��KHDOWK\�H\HV��OXQJV�
DQG�LPPXQLW\�

��$/$�WR�(3$�DQG�'+$�&RQYHUVLRQ�)$'6����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�UHGXFHG�FRQYHUVLRQ�RI�SODQW�EDVHG
RPHJD���$/$��ZDOQXWV��IOD[�VHHGV��DQG�SXPSNLQ�VHHGV��WR�(3$�DQG�'+$��,QFUHDVHG�(3$�DQG�'+$�LQWDNH�PD\�EH
QHHGHG�

��%��1%3)����<RX�DUH�PRUH�OLNHO\�WR�KDYH�ORZ�%��OHYHOV�GXH�WR�YDULDQWV�LQ�WKH�1%3)��JHQH��LQFUHDVLQJ�WKH�VHQVLWLYLW\�WR
PHGLFDWLRQV�WKDW�GHSOHWH�%���RUDO�FRQWUDFHSWLYHV��DQWLELRWLFV��$&(�LQKLELWRUV��DQWDFLGV��SURWRQ�SXPS�LQKLELWRUV�DQG�PRUH��
<RX�QHHG�WR�IRFXV�RQ�LQFUHDVLQJ�IRRGV�KLJK�LQ�%��OLNH�ZLOG�VDOPRQ��SLVWDFKLRV��DYRFDGRV�DQG�SRWDWRHV�

��)DW�0HWDEROLVP�$&6/����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�KLJKHU�IDVWLQJ�JOXFRVH�OHYHOV�IURP�D�KLJKHU�VDWXUDWHG�IDW
LQWDNH��,I�\RXU�IDVWLQJ�JOXFRVH�LV�KLJK�DQG�\RX�KDYH�YDULDQWV�LQ�WKH�RWKHU�IDW�PHWDEROLVP�JHQHV��IDWW\�UHG�PHDW�DQG�GDLU\
VKRXOG�EH�UHGXFHG�DQG�PRUH�IRFXV�VKRXOG�EH�RQ�PRQRXQVDWXUDWHG�DQG�SRO\XQVDWXUDWHG�IDWV�

��&DUERK\GUDWHV�7&)�/����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�SUREDELOLW\�RI�HOHYDWHG�EORRG�VXJDU�IURP�UHILQHG
VXJDU�DQG�JUDLQV��$�GLHW�ORZ�LQ�UHILQHG�VXJDU�DQG�IORXU��KLJKHU�LQ�SURWHLQ�DQG�RPHJD���IDWW\�DFLGV��JO\FLQH��GLYHUVLILHG
SUHELRWLF�IRRGV��ROLYH�RLO��FLQQDPRQ��WXUPHULF��GDUN�URDVW�FRIIHH�DQG�FRUG\FHSV�PXVKURRPV�PD\�EH�PRUH�EHQHILFLDO�

��8ULF�$FLG�$%&*����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�KLJKHU�SUREDELOLW\�RI�FKURQLFDOO\�HOHYDWHG�XULF�DFLG�OHYHOV�
LQFUHDVLQJ�WKH�VHQVLWLYLW\�WR�VXJDU�FRQVXPSWLRQ�DQG�GHK\GUDWLRQ�ZLWK�WKH�GHYHORSPHQW�RI�JRXW��$YRLG�UHILQHG�VXJDU�
LQFUHDVH�ZDWHU�LQWDNH��IODYRQRLGV��ROLYH�RLO��DQG�YLWDPLQ�&�

��6WUHVV�DQG�,%6�$'5%����<RX�KDYH�WKH�$'5%��KHWHUR]\JRXV�&*�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�D�KLJKHU�SHUFHQWDJH�RI
GLJHVWLYH�GLVRUGHUV��,%6��DQG�DQ[LHW\�IURP�HOHYDWHG�DGUHQDOLQH�OHYHOV��,I�\RX�H[SHULHQFH�DQ\�RI�WKHVH��\RX�PD\�EHQHILW
IURP�D�GHHS�EUHDWKLQJ�SUDFWLFH��PHGLWDWLRQ��\RJD��YLWDPLQ�&��DQG�PDJQHVLXP�WR�PRGXODWH�DGUHQDOLQH�OHYHOV�

57
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��)RODWH�07+)5�������<RX�KDYH�WKH�ZLOG�W\SH�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�UHGXFHG�SURWHFWLRQ�DJDLQVW�89�LQGXFHG
'1$�GDPDJH�IURP�WKH�VXQ�GXH�WR�ORZHU�WK\PLGLQH�SURGXFWLRQ�

��)RODWH�07+)5��������<RX�KDYH�WKH�KRPR]\JRXV�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�DQ�HVWLPDWHG�����UHGXFWLRQ�LQ
HQ]\PDWLF�IXQFWLRQ��0RUH�IRFXV�VKRXOG�EH�RQ�IRODWH��YLWDPLQ�&��/�DUJLQLQH��%���PDJQHVLXP��KRO\�EDVLO��VHOHQLXP��UR\DO
MHOO\�DQG�GHHS�EUHDWKLQJ�WHFKQLTXHV�WR�LPSURYH�JHQH�IXQFWLRQ�

��)RODWH�07+)'��*����$���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�QHHG�IRU�IROLQLF�DFLG��WKH�VHFRQG�PRVW�FRPPRQ
W\SH�RI�IRODWH�DIWHU�PHWK\OIRODWH�

��%���7&1����<RXU�%���WUDQVSRUWDWLRQ�PD\�EH�DIIHFWHG�LI�OLWKLXP�OHYHOV�DUH�ORZ�GXH�WR�\RXU�JHQRW\SH�LQ�WKH�7&1��JHQH�

��&KROLQH�3(07���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�QHHG�IRU�GLHWDU\�FKROLQH�IRU�OLYHU�KHDOWK��QRUPDO
KRPRF\VWHLQH�OHYHOV��EUHDVW�KHDOWK�IRU�ZRPHQ��DQG�D�KHDOWK\�SUHJQDQF\�IRU�ZRPHQ�

��%��&%6���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�UHGXFHG�&%6�JHQH�IXQFWLRQ�IRU�KRPRF\VWHLQH�OHYHOV��JXW�UHSDLU��DQG�EUDLQ
KHDOWK��LQFUHDVLQJ�\RXU�QHHG�IRU�%��

+25021(�6833257

��7K\URLG�',�����<RX�KDYH�WKH�KRPR]\JRXV�&&�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�UHGXFHG�WK\URLG�IXQFWLRQ�LQ�WKH�EUDLQ�
LQFUHDVLQJ�WKH�VHQVLWLYLW\�WR�WK\URLG�VXSSUHVVLQJ�HQYLURQPHQWDO�VWUHVVRUV�DQG�PHGLFDWLRQV��,I�7��DQG�7��OHYHOV�DUH�RXW�RI
UDQJH��WKLV�FRXOG�DIIHFW�SV\FKRORJLFDO�KHDOWK�

��9LWDPLQ�'�&<3�5����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�ORZ�FLUFXODWLQJ�YLWDPLQ�'�OHYHOV�WKDW�FDQ�DIIHFW�LPPXQLW\��EUHDVW
KHDOWK�LQ�ZRPHQ��DQG�WHVWRVWHURQH�OHYHOV�LQ�PHQ��&KHFN�\RXU�YLWDPLQ�'�OHYHOV�DQG�PDNH�VXUH�\RX�DUH�LQ�UDQJH�

��(VWURJHQ�0HWDEROLVP�&<3�&�����,QGLYLGXDOV�ZLWK�WKH�&&�JHQRW\SH�IRU�&<3�&��
���DUH�FRQVLGHUHG�WKH�QRUPDO
PHWDEROL]HU�SKHQRW\SH��ZKLFK�PD\�ODFN�WKH�HVWURJHQ�PHWDEROLVP�EHQHILWV�RI�WKH�XOWUD�UDSLG�PHWDEROL]HU�SKHQRW\SH�
3OHDVH�UHYLHZ�DOO�JHQHV�LQYROYHG�LQ�HVWURJHQ�PHWDEROLVP�IRU�D�FRPSOHWH�SLFWXUH�RI�WKH�SURFHVV�

��(VWURJHQ�0HWDEROLVP�&<3�$����)RU�PHQ�DQG�ZRPHQ�ZLWK�WKH�&<3�$��$&�LQWHUPHGLDWH�FDIIHLQH�PHWDEROLVP�JHQRW\SH�
FRIIHH�LQWDNH�ZDV�IRXQG�WR�EH�OHVV�SURWHFWLYH�IRU�EUHDVW�DQG�SURVWDWH�KHDOWK�FRPSDUHG�WR�WKH�$$�IDVW�PHWDEROL]HU�
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0(17$/�+($/7+��1(85275$160,77(56�	�&2*1,7,9(�3(5)250$1&(

��6HURWRQLQ�5HFHSWRU�6WUHVV���7KH���+7�$�KHWHUR]\JRXV�JHQRW\SH�PD\�EH�PRUH�LPSDFWIXO�LQ�IHPDOHV�ZKR�DOVR�KDYH
YDULDQWV�LQ�WKH�%'1)�JHQH��&KURQLF�VWUHVV�PD\�LQFUHDVH�WKH�VXVFHSWLELOLW\�WR�DQ[LHW\��GHSUHVVLRQ��2&'��DQG�,%6�IRU�WKHVH
JHQRW\SHV��,I�\RX�H[SHULHQFH�KLJKHU�SHUFHLYHG�VWUHVV�DQG�FKURQLF�VWUHVV�OHYHOV��\RX�PD\�UHTXLUH�PRUH�DHURELF�H[HUFLVH�
FRJQLWLYH�EHKDYLRUDO�WKHUDS\��PLQGIXOQHVV�WUDLQLQJ��PHGLWDWLRQ��\RJD��VLQJLQJ��SUHELRWLFV��ODFWREDFLOOXV�KHOYHWLFXV�
ELILGREDFWHULXP�ORQJXP��WU\SWRSKDQ��JUHHQ�RU�EODFN�WHD��DQG�%�YLWDPLQV�

��'RSDPLQH��$GUHQDOLQH�DQG�(VWURJHQ�&207���7KH�ZLOG�W\SH�**�&207�9���0�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�QHJDWLYH
HIIHFW�RQ�H[HFXWLYH�IXQFWLRQ��SUREOHP�VROYLQJ�DELOLWLHV��DQG�PRRG�GXH�WR�ORZHU�GRSDPLQH�FRQFHQWUDWLRQV��HVSHFLDOO\�ZKHQ
FRPELQHG�ZLWK�YDULDQWV�LQ�WKH�$1..��JHQH��,QFUHDVLQJ�GLHWDU\�FDWHFKRODPLQHV��FRIIHH��JUHHQ�WHD��EODFN�WHD��FDFDR�
EDQDQDV��FLWUXV��EHUULHV��DQG�H[HUFLVH�RU�D�MRE�ZLWK�DQ�HOHPHQW�RI�SUHVVXUH�DQG�ULVN�PD\�LQFUHDVH�GRSDPLQH
FRQFHQWUDWLRQV��7KLV�PD\�EH�PRUH�UHOHYDQW�LQ�PHQ�GXH�WR�HVWURJHQ
V�LQIOXHQFH�RQ�&207�

��'RSDPLQH�5HFHSWRUV�$1..����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�ORZHU�GHQVLW\�RI�GRSDPLQH�UHFHSWRUV��UHGXFLQJ
GRSDPLQH�WDUJHWV�ZLWKLQ�WKH�VWULDWXP�RI�WKH�EUDLQ�NQRZQ�IRU�UHZDUGLQJ�IHHGEDFN��/RZHU�GRSDPLQH�WDUJHWV�FRXOG�OHDG�WR
D�KLJKHU�OLNHOLKRRG�RI�DGGLFWLYH�EHKDYLRUV��FRPSXOVLYH�HDWLQJ��DQG�$'+'��*HWWLQJ���KRXUV�RI�VOHHS�SHU�QLJKW��NHHSLQJ�\RXU
EORRG�VXJDU�EDODQFHG�ZLWK�DGHTXDWH�SURWHLQ�DQG�ILEHU��KLJK�LQWHQVLW\�H[HUFLVH��ORZHU�PHGLD�H[SRVXUH��YLWDPLQ�'�
RPHJD��fV��DQG�PHGLWDWLRQ�DOO�LQFUHDVH�GRSDPLQH�UHFHSWRU�GHQVLW\�

��$QDQGDPLGH�)$$+���<RX�KDYH�WKH�FRPPRQ�&&�JHQRW\SH�WKDW�HQFRGHV�IRU�WKH�IDVW�DFWLYLW\�RI�)$$+��7KLV�LV�DVVRFLDWHG
ZLWK�QDWXUDOO\�ORZHU�DQDQGDPLGH�OHYHOV�WKDW�FRXOG�LQFUHDVH�DQ[LHW\��SDLQ��SHVWLFLGH�VHQVLWLYLW\�DQG�D�KHLJKWHQHG�VWUHVV
UHVSRQVH�WR�WKUHDWHQLQJ�VLWXDWLRQV��<RX�PD\�EHQHILW�IURP�DHURELF�H[HUFLVH�RYHU����PLQXWHV��HVSHFLDOO\�LQ�DOWLWXGH���&%'
RLO��UHG�FORYHU�WHD��ZRPHQ���NDHPSIHURO��UDVSEHUULHV��FDSHUV��FXPLQ��FORYHV��DOPRQGV��FKHUU\�WRPDWRHV��UHG�ZLQH���FDFDR�
HFKLQDFHD��URVHPDU\��DQG�KRSV�WR�LQFUHDVH�DQDQGDPLGH�OHYHOV�

��%UDLQ�+HDOWK�3(07���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�QHHG�IRU�GLHWDU\�FKROLQH�DQG�GDLO\�ZDONV�IRU�PHPRU\�
DQ[LHW\��DQG�5(0�VOHHS�

��*OXWDPDWH�%'1)���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�ORZHU�%'1)�OHYHOV�WKDW�FDQ�DIIHFW�PRRG��KHDG�LQMXU\�UHFRYHU\�
PHPRU\��DQG�EORRG�VXJDU�OHYHOV��5HVHDUFK�KDV�VKRZQ�WKDW�UXQQLQJ��'+$��OLWKLXP��JUHHQ�WHD��PLON�WKLVWOH��DFHW\OFKROLQH�
VXQOLJKW��VDXQDV��KRW�EDWKV��WKH�SURELRWLF�%LILGREDFWHULXP�ORQJXP��LQWHUPLWWHQW�IDVWLQJ��WXUPHULF��DQG�RSWLPDO�HVWURJHQ
OHYHOV��ZRPHQ��DOO�LPSURYH�%'1)�OHYHOV�

��*OXWDPDWH�7UDQVSRUW�6/&��$����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�GHOD\HG�UHFRYHU\�IURP�KHDG�LQMXULHV��:H�UHFRPPHQG
DOVR�UHYLHZLQJ�\RXU�$32(�DQG�%'1)�JHQRW\SH�WR�GHWHUPLQH�FXPXODWLYH�LPSDFW��,W�LV�DGYLVHG�WR�EH�SURDFWLYH�ZLWK�]LQF�
RPHJD���IDWW\�DFLGV��/LRQ
V�0DQH�PXVKURRP��PDJQHVLXP�DQG�FRQVLVWHQW�H[HUFLVH�LQ�FDVH�D�KHDG�LQMXU\�RFFXUV�
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��&HOO�3URWHFWLRQ�&$7���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�ORZHU�FDWDODVH�OHYHOV�DQG�D�VHQVLWLYLW\�WR�%3$�SODVWLF�DQG�FHOO
GDPDJH��7KLV�LQFUHDVHV�WKH�QHHG�IRU�IRRGV�KLJK�LQ�IODYRQRLGV��WKH�PXVKURRP�/LRQfV�0DQH��KRO\�EDVLO��FXPLQ��DQLVH�
IHQQHO��FDUDZD\��FDUGDPRP��DQG�GHHS�EUHDWKLQJ�SUDFWLFHV�WR�LPSURYH�FDWDODVH�OHYHOV�

��*OXWDWKLRQH�*670����<RX�KDYH�WKH�QXOO�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�D�KLJKHU�VHQVLWLYLW\�WR�EHQ]R�D�S\UHQH�IURP�WKH
EXUQLQJ�RI�ZRRG�RU�WUDVK��WREDFFR�VPRNH��DVSKDOW��FRDO��GLHVHO�H[KDXVW��FKDUUHG�PHDW��DQG�JDV�FRRNLQJ��,I�\RX�KDYH�WKH
*670��QXOO�DQG�1$7��VORZ�DFHW\ODWRU�FRPELQDWLRQ��WKDW�PD\�DIIHFW�OXQJ��EUHDVW��EODGGHU��VNLQ��FRORQ��DQG�NLGQH\�KHDOWK�
,W�LV�UHFRPPHQGHG�WR�LQFUHDVH�\RXU�LQWDNH�RI�FUXFLIHURXV�YHJHWDEOHV��YLWDPLQ�&��YLWDPLQ�(��YLWDPLQ�$��PLON�WKLVWOH�
UHVYHUDWURO��FXUFXPLQ��JUHHQ�WHD��DQG�ZKLWH�WHD�

��*OXWDWKLRQH�*673����<RX�KDYH�WKH�KRPR]\JRXV�**�JHQRW\SH�IRU�*673��UV�����WKDW�LV�DVVRFLDWHG�ZLWK�D�KLJKHU
VHQVLWLYLW\�WR�PHUFXU\��FDGPLXP��DUVHQLF��SHVWLFLGHV��DQG�DLU�SROOXWLRQ�IRU�EUHDVW��SURVWDWH��XULQDU\��HVRSKDJXV��DQG�VNLQ
KHDOWK��<RXU�*673��UV��������JHQRW\SH�PD\�LQFUHDVH�RU�GHFUHDVH�WKLV�VHQVLWLYLW\��6HOHQLXP��YLWDPLQ�&��YLWDPLQ�(��PLON
WKLVWOH��DQG�FUXFLIHURXV�YHJHWDEOHV�DOO�DVVLVW�*673��JHQH�IXQFWLRQ�

��+HDY\�0HWDOV�*673����<RX�KDYH�WKH�KHWHUR]\JRXV�&7�JHQRW\SH�IRU�*673��UV��������WKDW�LV�DVVRFLDWHG�ZLWK�D�KLJKHU
VHQVLWLYLW\�WR�PHUFXU\��FDGPLXP��DUVHQLF��SHVWLFLGHV��DQG�DLU�SROOXWLRQ�IRU�FRORQ��SURVWDWH��OXQJ��WKURDW��DQG�IHUWLOLW\�KHDOWK�
<RXU�*673��UV�����JHQRW\SH�PD\�LQFUHDVH�RU�GHFUHDVH�WKLV�VHQVLWLYLW\��6HOHQLXP��YLWDPLQ�&��%���%���IRODWH��]LQF�
PDJQHVLXP��KHDOWK\�LURQ�OHYHOV��PLON�WKLVWOH��KRO\�EDVLO��DQG�FUXFLIHURXV�YHJHWDEOHV�DOO�DVVLVW�*673��UV��������

��*OXWDWKLRQH�&7+���<RXU�JHQRW\SH�PD\�LQFUHDVH�\RXU�QHHG�IRU�F\VWHLQH�ULFK�IRRGV�LQFOXGLQJ�HJJV��PHDW��\RJXUW��JDUOLF�
DQG�VXQIORZHU�VHHGV�IRU�KHDOWK\�KRPRF\VWHLQH�DQG�JOXWDWKLRQH�OHYHOV��2WKHU�JHQHV�UHODWHG�WR�KRPRF\VWHLQH�DQG
JOXWDWKLRQH�VKRXOG�DOVR�EH�UHYLHZHG�

'(72;,),&$7,21

��/LYHU�(Q]\PH�&<3�$����<RX�KDYH�WKH�$&�JHQRW\SH�IRU�&<3�$��WKDW�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�VHQVLWLYLW\�WR
KHWHURF\FOLF�DPLQHV��IULHG�PHDW��ZKHQ�FRPELQHG�ZLWK�WKH�KRPR]\JRXV�*670��QXOO�JHQRW\SH�RU�VORZ�DFHW\ODWRU�1$7�
JHQRW\SH��0DULQDGHV��XQILOWHUHG�IHUPHQWHG�GULQNV��.RPEXFKD��EHHU��ZLQH���FUXFLIHURXV�YHJHWDEOHV��SDUVOH\��DQG�VSLQDFK
KDYH�DOO�EHHQ�IRXQG�WR�UHGXFH�WKH�FDUFLQRJHQLF�HIIHFW�RI�KHWHURF\FOLF�DPLQHV�

��/LYHU�(Q]\PH�&<3�%����<RX�KDYH�WKH�&*�JHQRW\SH�IRU�&<3�%��WKDW�LV�DVVRFLDWHG�ZLWK�D�VOLJKWO\�UHGXFHG�GHWR[LILFDWLRQ
RI�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��KLJKHVW�LQ�YHJHWDEOH�RLOV���RUDO�FRQWUDFHSWLYHV��FLJDUHWWH�VPRNH��DQ�LQFUHDVHG
VHQVLWLYLW\�WR�H[FHVVLYH�VXQ�H[SRVXUH��DQG�KLJK�GRVH�ELRWLQ�VXSSOHPHQWDWLRQ��<RX�FDQ�DVVLVW�&<3�%��ZLWK�VHDZHHG�
FHOHU\��EHUULHV��URRLERV�WHD��UHG�ZLQH��DQG�GDUN�URDVW�FRIIHH�
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'1$�'$0$*(��3527(&7,21�$1'�5(3$,5

��'1$�5HSDLU�$70���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�KLJKHU�QHHG�IRU�IRODWH�WR�LPSURYH�'1$�UHSDLU�LQ�UHODWLRQ�WR
SDQFUHDWLF�DQG�EUHDVW��IHPDOHV��KHDOWK�

��3URVWDWH�(65����)RU�PHQ�ZLWK�WKH�(65��UV��������KHWHUR]\JRXV�$*�JHQRW\SH��\RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�DQ
LQFUHDVHG�QHHG�IRU�IRRGV�KLJK�LQ�DSLJHQLQ��FHOHU\��SDUVOH\���SK\WRHVWURJHQV��EHUULHV��EHDQV��VRXUGRXJK�EUHDG���PLON
WKLVWOH��DQG�LRGLQH��VHD�YHJHWDEOHV��IRU�SURVWDWH�KHDOWK��$OO�JHQHV�UHODWHG�WR�SURVWDWH�KHDOWK�VKRXOG�EH�DQDO\]HG�WR�EHWWHU
GHWHUPLQH�WKH�FXPXODWLYH�YDOXH�IRU�SURVWDWH�SURWHFWLRQ�

��'1$�5HSDLU�73�����<RX�KDYH�WKH�KRPR]\JRXV�&&�JHQRW\SH�WKDW�PD\�EH�DGYDQWDJHRXV�IRU�IHUWLOLW\�LQ�FROG�FOLPDWHV��EXW
DOVR�LQFUHDVHV�WKH�QHHG�IRU�VHOHQLXP��]LQF��YLWDPLQ�&��UHLVKL��DQG�QLDFLQ�IRU�'1$�UHSDLU�DJDLQVW�FKHPLFDO�WR[LFLW\�WR�WKH
WK\URLG�JODQG�DQG�VNLQ�

��'1$�5HSDLU�0'0����<RXU�0'0��JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�KLJKHU�VHQVLWLYLW\�WR�VXQ�GDPDJH�DQG�ORZHU�7S���OHYHOV
LI�\RX�DUH�IHPDOH�

&$5',29$6&8/$5�+($/7+�	�(;(5&,6(

��92��0D[�33$5*&�$���<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�KLJKHU�QHHG�IRU�PRUH�VWUDWHJLHV�WR�LQFUHDVH�R[\JHQ�FDSDFLW\
IRU�DHURELF�H[HUFLVH��LQFOXGLQJ�D�VWUXFWXUHG�HQGXUDQFH�SURJUDP��FROG�H[SRVXUH��DQG�DGDSWRJHQV��<RXU�JHQRW\SH�LQ�WKH
*673��UV�����JHQH�FDQ�DOVR�LQIOXHQFH�WKLV�UHVXOW�

��0XVFOH�5HFRYHU\�,/����<RX�KDYH�WKH�&*�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�KLJKHU�OHYHOV�RI�FUHDWLQH�NLQDVH���D�PDUNHU�RI
PXVFOH�GDPDJH���IURP�ZRUNRXWV��7R�DFFHOHUDWH�UHFRYHU\��ZKH\�SURWHLQ��FROG�ZDWHU�LPPHUVLRQ��$PHULFDQ�JLQVHQJ�
FXUFXPLQ��DOOLFLQ��RSWLPDO�WHVWRVWHURQH�OHYHOV��YLWDPLQ�&��DQG�FROODJHQ�SURWHLQ�KDYH�DOO�EHHQ�IRXQG�WR�DWWHQXDWH�FUHDWLQH
NLQDVH�OHYHOV�

��0XVFOH�,QMXU\�&2/�$����<RX�KDYH�WKH�ZLOG�W\SH�&&�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�QHHG�IRU�GLHWDU\
FROODJHQ�IRU�KHDOWK\�VNLQ��WHQGRQV��FRUQHDV��OXQJV��DQG�ERQHV��9LWDPLQ�&��]LQF��FRSSHU��JO\FLQH��SUROLQH��O\VLQH��DQG�%��DUH
DOO�SUHFXUVRUV�WR�FROODJHQ�SURGXFWLRQ�

��3HVWLFLGHV��+'/�DQG�/'/�321����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�GHFUHDVHG�321��JHQH�DFWLYLW\�DQG�UHGXFHG�SHVWLFLGH
GHWR[LILFDWLRQ�WKDW�FRXOG�DIIHFW�/'/�R[LGDWLRQ��(OHYDWHG�PHUFXU\�OHYHOV�DQG�KLJK�KRPRF\VWHLQH�FDQ�IXUWKHU�QHJDWLYHO\
DIIHFW�321���7KHUH�DUH�QXPHURXV�VWUDWHJLHV�WR�LPSURYH�321��LQFOXGLQJ�FKRRVLQJ�RUJDQLF�IRRGV��DGHTXDWH�FDOFLXP�DQG
PDJQHVLXP��SRPHJUDQDWHV��EURFFROL�VSURXWV��KLJK�TXDOLW\�ROLYH�RLO��DQG�D�JODVV�RI�UHG�ZLQH�

��5DZ�)UXLW�DQG�9HJHWDEOH�,QWDNH��S�����<RX�KDYH�WKH�KHWHUR]\JRXV�JHQRW\SH�WKDW�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�QHHG
IRU�SK\WRQXWULHQWV�IURP�D�KLJKHU�UDZ�IUXLW�DQG�YHJHWDEOH�LQWDNH�IRU�D�KHDOWK\�KHDUW�

��7ULJO\FHULGHV�)$'6����<RXU�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�D�KLJKHU�QHHG�IRU�(3$�DQG�'+$�RPHJD���IDWW\�DFLGV�WR�PDLQWDLQ
KHDOWK\�WULJO\FHULGH�OHYHOV�
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<285�3(5621$/,=('�'1$�%$6('�*52&(5<�/,67
7KLV�VHFWLRQ�RI�WKH�UHSRUW�UHSUHVHQWV�WKH�PRVW�H[SDQVLYH��DFWLRQDEOH�VXPPDU\�RI�ZKDW�\RX�FDQ�GR��ULJKW�QRZ��WR�GUDPDWLFDOO\�XS�UHJXODWH
JHQH�IXQFWLRQ��EXLOGLQJ�D�KDSSLHU��KHDOWKLHU�\RX��1R�WHFKQLFDO�H[SHUWLVH�LV�UHTXLUHG���MXVW�PDNH�WKHVH�UHFRPPHQGDWLRQV�QRQ�QHJRWLDEOH
ZKHQ�\RX�YLVLW�WKH�JURFHU\�VWRUH�

<RXU�JURFHU\�OLVW�LV�JHQHUDWHG�EDVHG�RQ�D�FRPELQDWLRQ�RI�XQLTXH�JHQH�YDULDQWV�WKDW�UHTXLUH�DQ�LQFUHDVHG�LQWDNH�RI�WKH�IROORZLQJ�YLWDPLQV�
PLQHUDOV��SK\WRQXWULHQWV��DPLQR�DFLGV��ILEHU�DQG�PRUH��7KLV�OLVW�JHQHUDWHV�WKH�IRRGV�DQG�GULQNV�EDVHG�RQ�WKH�KLJKHVW�OHYHOV�IRU�HDFK�VHFWLRQ
DQG�GRHV�QRW�WDNH�LQWR�DFFRXQW�DQ\�IRRG�DOOHUJLHV�RU�VHQVLWLYLWLHV�

%� :LOG�VDOPRQ��\HOORZILQ�WXQD��OLYHU��FKLFNHQ�EUHDVW��XQILOWHUHG�IHUPHQWHG�GULQNV�
SLVWDFKLRV��DYRFDGR��VZHHW�SRWDWRHV��DQG�VSLQDFK

�

%HWD�&DURWHQH 6ZHHW�SRWDWRHV��FDUURWV��VSLQDFK��VTXDVK��FDQWDORXSH��DQG�EURFFROL

�

%HWDLQH 6SLQDFK��VKULPS��EHHWV��DQG�ZKROH�JUDLQ�VRXUGRXJK�EUHDG

�

%RURQ 3UXQHV��DYRFDGRV��UDLVLQV��SHDFKHV��DSSOHV��SHDUV��DQG�SHDQXW�EXWWHU

�

&KROLQH 3DVWXUHG�HJJV��EHHI�URXQG��OLYHU��KHDUW��FKLFNHQ��ZLOG�FRG��EDFRQ��DQG�HGDPDPH

�

&RSSHU 3RWDWRHV��VKLLWDNH�PXVKURRPV��FDVKHZV��VXQIORZHU�VHHGV��GDUN�FKRFRODWH��DQG
VKHOOILVK

�

*OXFRVLQRODWHV %UXVVHOV�VSURXWV��PXVWDUG�JUHHQV��WXUQLSV��VDYR\�FDEEDJH��NDOH��ZDWHUFUHVV��UHG
FDEEDJH��EURFFROL�FDXOLIORZHU��DQG�%RN�&KR\

�
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*O\FLQH %URWK��FROODJHQ�SRZGHU��PHDW�ZLWK�WKH�VNLQ��ULEV��VKDQNV��GUXPVWLFNV��DQG�EDRERE

�

/LWKLXP 0LQHUDO�ZDWHU��VKHOOILVK��WRPDWRHV��VSLQDFK��XQSHHOHG�SRWDWRHV��HJJSODQW��FDEEDJH�
URRLERV�WHD��URVHKLSV��SDVWXUHG�HJJV�DQG�6DFFKDURP\FHV�FHUHYLVLDH��\HDVW�

�

1LDFLQ <HOORZILQ�WXQD��FDQQHG�WXQD��ZLOG�VDOPRQ��JURXQG�WXUNH\��FKLFNHQ�EUHDVW��OLYHU��VNLUW
VWHDN��ZKLWH�EXWWRQ�PXVKURRPV��DQG�EURZQ�ULFH

�

2PHJD��
V 6HDIRRG�DQG�SDVWXUHG�HJJV

�

3K\WRHVWURJHQV
'DUN�EHUULHV��EHDQV��VRXUGRXJK�EUHDG��KXPPXV��SHDQXWV��PLVR�VRXS��IOD[�VHHGV

�ZRPHQ���WDKLQL�VDXFH��DQG�FUXFLIHURXV�YHJHWDEOHV��EURFFROL��FDEEDJH��NDOH��%UXVVHOV
VSURXWV�

�

3RO\SKHQROV &RIIHH��JUHHQ�WHD��NRPEXFKD��EOXHEHUULHV��VWUDZEHUULHV��UDVSEHUULHV��EODFNEHUULHV�
DQG�FDFDR

�

3UHELRWLFV 3LVWDFKLRV��OHHNV��DVSDUDJXV��UDGLFFKLR��EDQDQDV��JDUOLF��NLZL��RQLRQV��DUWLFKRNHV�
7LJHU�QXWV��FKLFRU\�URRW��\DFRQ�V\UXS�DQG�IRRGV�KLJK�LQ�SRO\SKHQROV

�

5HVYHUDWURO 5HG�JUDSHV��SHDQXW�EXWWHU��,WDGRUL�WHD��DQG�GDUN�FKRFRODWH

�

9LWDPLQ�$ /LYHU��SDVWXUHG�HJJV��FRG�OLYHU�RLO��ZLOG�VDOPRQ�RLO��HHO��DQG�VRFNH\H�VDOPRQ
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�

9LWDPLQ�' 6RFNH\H�VDOPRQ��FRG�OLYHU�RLO��FDQQHG�WXQD��ZLOG�KHUULQJ��DQG�VDUGLQHV

�

9LWDPLQ�( 6XQIORZHU�VHHGV��DOPRQGV��DYRFDGR��VSLQDFK��EXWWHUQXW�VTXDVK�VRXS��DQG�ROLYH�RLO

�
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3(5621$/,=('�%/22'�:25.
7KHVH�UHVXOWV�DUH�JHQHUDWHG�EDVHG�RQ�D�FRPELQDWLRQ�RI�JHQH�YDULDQWV�XQLTXH�WR�\RX��7KHVH�ELRPDUNHUV�PD\�QRW�EH�RXW�RI�UDQJH�EDVHG�RQ
\RXU�GLHW�DQG�OLIHVW\OH�KDELWV��EXW�WKH\�PD\�EH�WKH�RQHV�IRU�\RX�WR�PRQLWRU�WR�HQVXUH�\RX�DUH�PDNLQJ�WKH�ULJKW�FKRLFHV�EDVHG�RQ�\RXU
JHQHWLF�UHVXOWV��\RXU�SUHGLVSRVLWLRQV��

)RU�H[DPSOH��LI�YLWDPLQ�'�FRPHV�XS�LQ�WKLV�VHFWLRQ��LW�GRHV�QRW�PHDQ�WKDW�\RXU�FXUUHQW�OHYHOV�RI�YLWDPLQ�'�DUH�DFWXDOO\�ORZ��:KDW�ZH�DUH
VD\LQJ�LV�WKDW�EDVHG�RQ�D�YDULHW\�RI�JHQHWLF�IDFWRUV��\RXU�YDULDQWV�FRXOG�PDNH�LW�PRUH�GLIILFXOW�WR�REWDLQ�UHFRPPHQGHG�OHYHOV�RI�FLUFXODWLQJ
YLWDPLQ�'��VR�LW�PLJKW�EH�SUXGHQW�WR�IXUWKHU�PRQLWRU�WR�HQVXUH�WKDW�\RX�DUH�WDNLQJ�WKH�QHFHVVDU\�VWHSV�WR�WXUQ�JHQHWLF�ZHDNQHVVHV�LQWR
VWUHQJWKV�DQG�PDLQWDLQ�FRUUHFW�OHYHOV�

%�� ,I�SRRU�%���VWDWXV�LV�VXVSHFWHG��PHWK\OPDORQLF�DFLG��00$��OHYHOV�PD\�EH�QHHGHG�WR
DFFXUDWHO\�DVVHVV�%���VWDWXV��DEVRUSWLRQ��DQG�UHTXLUHPHQWV

�

%� %��OHYHOV�PD\�QHHG�WR�EH�WHVWHG

�

)DVWLQJ�*OXFRVH�DQG�+E$�& &KHFN�ERWK�IDVWLQJ�JOXFRVH�DQG�+E$�&

�

,RGLQH $�XULQDU\�LRGLQH�WHVW�FDQ�DVVHVV�LRGLQH�OHYHOV

�

/'/ 7HVW�/'/�3��/'/�&��DQG�VPDOO�GHQVH�/'/

�

0HUFXU\ ,I�PHUFXU\�OHYHOV�DUH�D�FRQFHUQ�WDON�WR�\RXU�GRFWRU�DERXW�WKH�EHVW�WHVWLQJ�RSWLRQV

�

7K\URLG�3DQHO 7KH�JHQHV�IRU�WKH�WK\URLG�JODQG�ORRN�DW�7��DQG�7��IXQFWLRQ��EXW�QRW�76+

�
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9LWDPLQ�' 9LWDPLQ�'�VKRXOG�EH�EHWZHHQ�������QJ�PO��&KHFN�ERWK����DQG������
GLK\GUR[\YLWDPLQ�'�

�

0<�&/,1,&$/�5(6($5&+�6800$5<��1875,(17
0(7$%2/,60�	�',*(67,21
%HWD�&DURWHQH�WR�9LWDPLQ�$�&RQYHUVLRQ�5DWH�%&02�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

%&02��5���6
UV�������� +HWHUR]\JRXV�$7

%&02��$���9�UV������� +HWHUR]\JRXV�&7

5HFDS

,PSURYHV�%&02��*HQH�)XQFWLRQ��9LWDPLQ�$�LQ�WKH�IRUP�RI�UHWLQRO�DQG�]LQF� � 'HFUHDVHV�%&02��*HQH�)XQFWLRQ��5HO\LQJ�RQ�EHWD�FDURWHQH�IRU�YLWDPLQ�$
UHTXLUHPHQWV�

%(7$�&$527(1(�72�9,7$0,1�$�&219(56,21�5$7(�%&02�

5HVHDUFK��,I�\RX�DUH�KHWHUR]\JRXV�RU�KRPR]\JRXV�IRU�%&02��$���9�RU�%&02��56���6��\RX�KDYH�D�UHGXFHG�FRQYHUVLRQ�RI
EHWD�FDURWHQH�WR�YLWDPLQ�$��,I�\RX�KDYH�D�KHWHUR]\JRXV�RU�KRPR]\JRXV�%&02��56���6�DQG�%&02��56���6��WKH�UHGXFWLRQ�LV
HYHQ�PRUH�GUDPDWLF��0DQ\�QXWULWLRQ�ODEHOV�ZLOO�KDYH�EHWD�FDURWHQH�OLVWHG�DV�YLWDPLQ�$��KRZHYHU�WKLV�LV�QRW�WUXH�YLWDPLQ�$�

7KH�QRUPDO�FRQYHUVLRQ�IRU�EHWD�FDURWHQH��FDUURWV��VZHHW�SRWDWRHV��WR�UHWLQRO�LV�����DQG������IRU�RWKHU�FDURWHQRLGV��)HPDOH
YROXQWHHUV�FDUU\LQJ�WKH�7�YDULDQW�RI�UV������������9��KDG�D�����ORZHU�DELOLW\�WR�FRQYHUW�EHWD�FDURWHQH��DQG�WKRVH�FDUU\LQJ�DW
OHDVW�RQH�7�LQ�ERWK�613V�����9�DQG�5���6��VKRZ�D�����ORZHU�DELOLW\�WR�FRQYHUW�EHWD�FDURWHQH�LQWR�UHWLQRO�

,Q�D�FRKRUW�VWXG\�RI��������86�PHQ�DQG��������86�ZRPHQ��GXULQJ�D�IROORZ�XS�SHULRG�RI�PRUH�WKDQ����\HDUV��D�KLJKHU�WRWDO
YLWDPLQ�$�LQWDNH�ZDV�DVVRFLDWHG�ZLWK�D�UHGXFWLRQ�LQ�FXWDQHRXV�VTXDPRXV�FHOO�FDUFLQRPD�ULVN�

<RX�ZDQW�WR�PDNH�VXUH�\RX�FRQVXPH�DQLPDO�EDVHG�YLWDPLQ�$��SDVWXUHG�HJJ�\RONV��ZLOG�VDOPRQ�RLO��FRG�OLYHU�RLO��EXWWHU��DORQJ
ZLWK�]LQF�IRU�GLJHVWLYH�OLQLQJ�UHSDLU��RUDO�KHDOWK��H\H�KHDOWK��LURQ�PRELOL]DWLRQ��PLWRFKRQGULD�KHDOWK��VNLQ�KHDOWK��VXQEXUQV�GHSOHWH
YLWDPLQ�$�LQ�WKH�VNLQ��DQG�DFQH�UHVSRQGV�WR�YLWDPLQ�$���KHDOWK\�OXQJ�IXQFWLRQ��DQG�LQFUHDVHG�LPPXQLW\�

$/$�WR�(3$�DQG�'+$�&RQYHUVLRQ�)$'6�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�
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*(1( *(127<3(

)$'6��UV���� +HWHUR]\JRXV�$*

)$'6��UV������ +HWHUR]\JRXV�&*

5HFDS

,PSURYHV�)$'6��*HQH�)XQFWLRQ��(3$�DQG�'+$�RPHJD���IDWW\�DFLGV� � 'HFUHDVHV�)$'6��*HQH�)XQFWLRQ��5HO\LQJ�RQ�SODQW�EDVHG�RPHJD���IDWW\�DFLG�$/$
IRU�WKRVH�ZLWK�WKH�KHWHUR]\JRXV�RU�KRPR]\JRXV�YDULDQW�

$/$�72�(3$�$1'�'+$�&219(56,21�)$'6�

5HVHDUFK��<RX�PD\�KDYH�D�GHFUHDVHG�FRQYHUVLRQ�UDWH�RI�WKH�SODQW�EDVHG�RPHJD���IDWW\�DFLG�$/$�WR�'+$�DQG�VKRXOG�FKRRVH
'+$�VRXUFHV�IRU�VXIILFLHQW�RPHJD��
V�

)$'6��DQG�)$'6��DUH�HQ]\PHV�WKDW�DUH�LQYROYHG�LQ�FRQYHUWLQJ�RPHJD���DQG�RPHJD���IDWW\�DFLGV�IRU�EUDLQ�GHYHORSPHQW�DQG
LQIODPPDWLRQ�FRQWURO��/LNH�WKH�ODFWDVH�JHQH��)$'6��LV�OLNHO\�WR�EH�D�FULWLFDO�JHQH�RI�DGDSWDWLRQ��,Q�WKLV�FDVH��LW�ZDV�LQ�UHVSRQVH
WR�D�SODQW�EDVHG�GLHW�YHUVXV�D�PHDW�DQG�ILVK�EDVHG�GLHW�GHSHQGLQJ�RQ�PLJUDWLRQ�URXWHV�DQG�IRRG�DYDLODELOLW\�

,W�KDV�EHHQ�K\SRWKHVL]HG�WKDW�SRSXODWLRQV�WKDW�EHJDQ�WR�UHO\�PRUH�RQ�SODQW�EDVHG�GLHWV�DGDSWHG�ZLWK�WKH�VHOHFWHG�DOOHOH�LQ
)$'6��WR�V\QWKHVL]H�PRUH�(3$�DQG�'+$�IURP�SODQWV��7KH�,QXLW�SRSXODWLRQV�RI�*UHHQODQG��IRU�H[DPSOH��ZKR�UHO\�KHDYLO\�RQ
VHDIRRG�ZLWK�YHU\�OLWWOH�SODQW�LQWDNH��KDYH�D�GHOHWHG�DOOHOH�VKRZLQJ�DQ�RSSRVLWH�DGDSWDWLRQ�WR�D�GLHW�ZLWKRXW�SODQWV�

$�PHWD�DQDO\VLV�KDV�IRXQG�DQ�DVVRFLDWLRQ�EHWZHHQ�YDULDQWV�LQ�)$'6��LQ�(XURSHDQ�KHULWDJH�DQG�D�ORZ�FRQYHUVLRQ�UDWH�RI�$/$
�SODQW�EDVHG�RPHJD����WR�'+$��7KHUH�LV�DOVR�HYLGHQFH�IRU�JHQH�YDULDQWV�LQ�WKRVH�ZLWK�$IULFDQ��&KLQHVH��DQG�+LVSDQLF�DQFHVWU\
KDYLQJ�D�UHGXFHG�FRQYHUVLRQ�UDWH�

&KLOGUHQ�ZKR�KDG�D�KLJKHU�GLHWDU\�UDWLR�RI�RPHJD���WR�RPHJD���ZHUH�YXOQHUDEOH�IRU�GHYHORSLQJ�FROLWLV�LI�WKH\�DOVR�SUHVHQWHG
VSHFLILF�YDULDQWV�LQ�)$'6��

$�KLJKHU�QHHG�RI�DQLPDO�EDVHG�(3$�DQG�'+$�PD\�EH�QHHGHG�IRU�WKRVH�ZLWK�YDULDQWV�LQ�)$'6��

%��1%3)�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

1%3)��UV������� +RPR]\JRXV�&&

5HFDS

,PSURYHV�1%3)��*HQH�)XQFWLRQ��%� �
'HFUHDVHV�1%3)��*HQH�)XQFWLRQ��6XJDU��VWUHVV��KLJK�LQWDNH�RI�DOFRKRO�DQG�UHILQHG
IORXU�EDVHG�FDUERK\GUDWHV��DQWLELRWLFV��RUDO�FRQWUDFHSWLYHV��$&(�LQKLELWRUV��DQWDFLGV�
SURWRQ�SXPS�LQKLELWRUV��3KHQ\WRLQ��EURQFKRGLODWRUV��'LJR[LQ��GLXUHWLFV��KRUPRQH
UHSODFHPHQW�WKHUDS\��(VWUDGLRO��0$2�LQKLELWRUV��6W��-RKQ
V�:RUW�DQG�3DUQDWH�

%��1%3)�

5HVHDUFK��<RX�PD\�UHTXLUH�D�KLJKHU�LQWDNH�RI�%���+RPR]\JRWHV�KDYH�DSSUR[LPDWHO\�D������QJ�P/�ORZHU�YLWDPLQ�%��EORRG
FRQFHQWUDWLRQ�WKDQ�WKH�ZLOG�W\SH�JHQRW\SH�
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9LWDPLQ�%��SOD\V�D�PDMRU�UROH�LQ�QHXURWUDQVPLWWHU�KHDOWK��%��GHILFLHQF\�FDQ�PDQLIHVW�DV�DQRUH[LD��LUULWDELOLW\��DQ[LHW\�
GHSUHVVLRQ��PXVFOH�SDLQ��EDG�306�ORZ�SURJHVWHURQH��QDXVHD��VHL]XUHV��PLJUDLQHV��GHUPDWLWLV��DJH�UHODWHG�PDFXODU
GHJHQHUDWLRQ��ZLWK�ORZ�IRODWH�DQG�%����DQG�OHWKDUJ\�

5HVHDUFKHUV�KDYH�IRXQG�DQ�LQYHUVH�DVVRFLDWLRQ�EHWZHHQ�RYDULDQ�FDQFHU�ULVN�DQG�YLWDPLQ�%��LQWDNH��6XEMHFWV�ZLWK�WKH�KLJKHVW
YLWDPLQ�%��LQWDNH�VKRZHG�D����SHUFHQW�GHFUHDVH�LQ�WKH�OLNHOLKRRG�RI�GHYHORSLQJ�RYDULDQ�FDQFHU�FRPSDUHG�WR�WKH�LQGLYLGXDOV�ZLWK
WKH�ORZHVW�LQWDNH�

:RPHQ�RI�UHSURGXFWLYH�DJH��HVSHFLDOO\�FXUUHQW�DQG�IRUPHU�XVHUV�RI�RUDO�FRQWUDFHSWLYHV��WHHQDJHUV��PDOH�VPRNHUV��QRQ�+LVSDQLF
$IULFDQ�$PHULFDQ�PHQ��DQG�PHQ�DQG�ZRPHQ�RYHU�DJH����DUH�PRVW�DW�ULVN�RI�%��GHILFLHQF\��'DWD�VXJJHVWV�WKDW�RUDO
FRQWUDFHSWLYH�XVHUV�KDYH�H[WUHPHO\�ORZ�SODVPD�3/3�OHYHOV��7KUHH�TXDUWHUV�RI�WKH�ZRPHQ�ZKR�UHSRUWHG�XVLQJ�RUDO
FRQWUDFHSWLYHV��EXW�QRW�YLWDPLQ�%��VXSSOHPHQWV��ZHUH�YLWDPLQ�%��GHILFLHQW�

)DW�0HWDEROLVP�$&6/�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

$&6/��UV������� :LOG�7\SH�**

5HFDS

,PSURYHV�$&6/��*HQH�)XQFWLRQ��7RWDO�IDW�LQWDNH�XQGHU������ORZHU�VDWXUDWHG�IDW
LQWDNH�DQG�LQFUHDVHG�38)$�LQWDNH� � 'HFUHDVHV�$&6/��*HQH�)XQFWLRQ��$�VDWXUDWHG�IDW�LQWDNH�RYHU�����

)$7�0(7$%2/,60�$&6/�

5HVHDUFK��,I�\RX�KDYH�WKH�**�JHQRW\SH��LW�PD\�EH�EHQHILFLDO�IRU�IDW�LQWDNH�WR�EH�EHORZ�����RI�\RXU�WRWDO�FDORULHV�RU�KDYH�D
KLJKHU�LQWDNH�RI�SRO\XQVDWXUDWHG�IDW�IURP�ILVK��QXWV�DQG�VHHGV�LI�\RX�VWUXJJOH�ZLWK�ZHLJKW�DQG�KLJK�JOXFRVH�

7KH�**�JHQRW\SH�KDG�KLJKHU�IDVWLQJ�JOXFRVH�DQG�LQVXOLQ�FRQFHQWUDWLRQV�FRPSDUHG�ZLWK�WKH�PLQRU�$�DOOHOH�FDUULHUV�IURP
VDWXUDWHG�IDW�LQWDNH��ZLWK�WKH�UHVXOW�WKDW�WKH�**�JHQRW\SH�ZDV�PRUH�LQVXOLQ�UHVLVWDQW��$PRQJ�LQGLYLGXDOV�ZLWKLQ�WKH�WRS���WK
SHUFHQWLOH�RI�38)$�LQWDNH��WKH�PHWDEROLF�V\QGURPH�ULVN�DVVRFLDWHG�ZLWK�**�JHQRW\SH�ZDV�HOLPLQDWHG�

)RRGV�WKDW�DUH�KLJKHU�RQ�WKH�LQVXOLQ�LQGH[�LQFOXGH�GDLU\�DQG�UHG�PHDW��DQG�LQVXOLQ�LQKLELWV�IDW�EUHDNGRZQ��)DW�VKRXOG�FRPH
SULPDULO\�IURP�QXWV��VHHGV��ROLYH�RLO��DYRFDGRV��SRXOWU\�DQG�ILVK�LI�WKHUH�DUH�LVVXHV�ZLWK�IDVWLQJ�JOXFRVH��LQVXOLQ�RU�ZHLJKW�

&DUERK\GUDWHV�7&)�/�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

7&)�/��UV������� +HWHUR]\JRXV�&7

5HFDS

,PSURYHV�7&)�/��*HQH�)XQFWLRQ��$�3DOHROLWKLF�DQG�ORZ�FDUE�0HGLWHUUDQHDQ�GLHW�
JO\FLQH��RPHJD���IDWW\�DFLGV��ROLYH�RLO��WXUPHULF��FLQQDPRQ��SUHELRWLFV��RUJDQLF�GDUN
URDVW�FRIIHH��DQG�FRUG\FHSV�PXVKURRPV�

� 'HFUHDVHV�7&)�/��*HQH�)XQFWLRQ��5HILQHG�VXJDU�DQG�JUDLQV�
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&$5%2+<'5$7(6�7&)�/�

5HVHDUFK��7KH�7&)�/��JHQH�KDV�EHFRPH�WKH�VWURQJHVW�LQGLFDWRU�RI�7\SH���GLDEHWHV�DQG�JHVWDWLRQDO�GLDEHWHV�ULVN�IRU�PXOWLSOH
HWKQLFLWLHV�LQ�VWXGLHV��$�PHWD�DQDO\VLV�DOVR�IRXQG�DQ�DVVRFLDWLRQ�ZLWK�EUHDVW��SURVWDWH�DQG�FRORQ�FDQFHU�ULVN��DOO�RI�ZKLFK�DUH
FRQQHFWHG�WR�EORRG�VXJDU�OHYHOV�DQG�WKH�ULVN�LV�UHGXFHG�E\�PDQ\�RI�WKH�VDPH�QXWULHQWV�WKDW�LPSURYH�WKLV�JHQH
V�IXQFWLRQ��2WKHU
JHQHV�DQG�IDPLO\�KLVWRU\�QHHG�WR�EH�DVVHVVHG�IRU�FDQFHU�ULVN�DQG�SUHYHQWLRQ�

7KLV�JHQH�LV�XQLTXH�LQ�LWV�UHODWLRQ�WR�7\SH���GLDEHWHV�EHFDXVH�SHRSOH�ZLWK�YDULDQWV�LQ�7&)�/��PD\�QRW�H[KLELW�ULVN�VLJQV�OLNH
REHVLW\��,Q�IDFW��WKH\�PD\�KDYH�D�ORZ�ERG\�PDVV�LQGH[��%0,��DQG�ORZ�WULJO\FHULGHV��7KH�LQFUHDVHG�ULVN�LV�K\SRWKHVL]HG�WR�EH�GXH
WR�WKH�HIIHFW�RI�7&)�/��RQ�WKH�VHQVLWLYLW\�RI�WKH�SDQFUHDWLF�d�FHOOV�WR�LQFUHWLQV��QRW�RYHUDOO�LQVXOLQ�VHQVLWLYLW\�

,QFUHWLQV�DUH�KRUPRQHV�WKDW�DUH�UHOHDVHG�IURP�WKH�JDVWURLQWHVWLQDO�WUDFW�DIWHU�D�PHDO�DQG�UHJXODWH�WKH�DPRXQW�RI�LQVXOLQ
VHFUHWHG��7KH�WZR�PRVW�LPSRUWDQW�LQFUHWLQ�KRUPRQHV�DUH�*/3���DQG�*,3��5HVHDUFKHUV�EHOLHYH�WKDW�LQFUHDVLQJ�LQFUHWLQ�VHQVLWLYLW\
PD\�GHFUHDVH�WKH�ULVN�RI�W\SH���GLDEHWHV�

2QH�VWXG\�IRXQG�WKDW�WKH�FRQVXPSWLRQ�RI�PHDOV�EDVHG�RQ�WKH�3DOHROLWKLF�GLHW��QR�JUDLQV�RU�GDLU\��IRFXVLQJ�RQ�ILVK��SRO\SKHQRO�
ULFK�IRRGV��ILEHU�ULFK�YHJHWDEOHV��DQG�VSLFHV�KLJK�LQ�SK\WRFKHPLFDOV�UHVXOWHG�LQ�VLJQLILFDQW�LQFUHDVHV�LQ�LQFUHWLQ�DQG�LQFUHDVHG
SHUFHLYHG�VDWLHW\��IHHOLQJ�IXOO���$OO�WKUHH�WHVW�PHDOV�ZHUH�QRUPDOL]HG�WR�FRQWDLQ����JUDPV�RI�FDUERK\GUDWHV��6XIILFLHQW�SURWHLQ�LQ
SDUWLFXODU�VKRZV�SURPLVH�LQ�WKH�PDQDJHPHQW�RI�7\SH���GLDEHWHV�E\�VWLPXODWLQJ�LQFUHWLQ��LQVXOLQ�VHFUHWLRQ��DQG�VORZLQJ�JDVWULF
HPSW\LQJ�

7ZR�FOLQLFDO�VWXGLHV�KDYH�GHPRQVWUDWHG�WKDW�SODVPD�*/3���OHYHOV�ULVH�IROORZLQJ�WKH�LQJHVWLRQ�RI�JHODWLQ��D�SURWHLQ�H[WUDRUGLQDULO\
ULFK�LQ�JO\FLQH��$QRWKHU�VWXG\�IRXQG�WKDW�KLJKHU�OHYHOV�RI�LQGROHSURSLRQLF�DFLG�SURGXFHG�E\�JRRG�EDFWHULD�GXH�WR�D�GLHW�KLJKHU�LQ
SUHELRWLF�ILEHU�ULFK�IRRG�GHFUHDVHG�WKH�ULVN�RI�7\SH���GLDEHWHV�

6SLFHV�DOVR�DSSHDU�YHU\�HIIHFWLYH��7XUPHULF�VLJQLILFDQWO\�LQFUHDVHV�WKH�VHFUHWLRQ�RI�WKH�LQFUHWLQ�*/3����&LQQDPRQ�ORZHUV�EORRG
JOXFRVH�XVXDOO\�ZLWKLQ�SK\VLRORJLFDO�OHYHOV�ZLWKRXW�K\SRJO\FHPLD�DQG�LQFUHDVHV�VDWLHW\��VKRZLQJ�LW�PD\�DFW�E\�SRWHQWLDWLQJ�WKH
HIIHFWV�RI�LQFUHWLQ�KRUPRQHV�

7KHUH�LV�D�SURJUHVVLYH�GHWHULRUDWLRQ�RI�EHWD�FHOO�IXQFWLRQ�LQ�SDWLHQWV�ZLWK�7\SH���GLDEHWHV��,Q�YLWUR�VWXGLHV�GHPRQVWUDWHG�WKDW
SDQFUHDWLF�EHWD�FHOO�YLDELOLW\�LQFUHDVHG�GUDPDWLFDOO\�ZLWK�FRUG\FHSV�H[WUDFW�WUHDWPHQW��LPSO\LQJ�WKDW�FRUG\FHSV�SURWHFW�EHWD�FHOOV�
7KLV�LV�FUXFLDO�IRU�WKH�7&)�/��JHQH�GXH�WR�WKH�FRPPXQLFDWLRQ�EHWZHHQ�SDQFUHDWLF�EHWD�FHOOV�DQG�LQFUHWLQV��7KH�UHVHDUFKHUV
FRQFOXGHG�WKDW�gWKH�SRWHQWLDO�DELOLW\�RI�FRUG\FHSV�WR�SUHVHUYH�EHWD�FHOO�IXQFWLRQ�PD\�DIIRUG�D�SURPLVLQJ�WKHUDS\�IRU�GLDEHWHV�h

8ULF�$FLG�$%&*�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

$%&*���4���.��UV������� +HWHUR]\JRXV�*7

85,&�$&,'�$%&*�

5HVHDUFK��8ULF�DFLG�LV�SURGXFHG�GXULQJ�WKH�EUHDNGRZQ�RI�SXULQHV�IRUPHG�LQ�WKH�ERG\�DQG�LQ�FHUWDLQ�IRRGV�DQG�GULQNV��8ULF�DFLG
LV�WKHQ�FDUULHG�E\�\RXU�EORRG�DQG�SDVVHG�WKURXJK�\RXU�NLGQH\V�ZKHUH�LW�LV�H[FUHWHG�LQ�WKH�XULQH��+LJK�VHUXP�OHYHOV�RI�XULF�DFLG�LV
GHILQHG�DV�JUHDWHU�WKDQ�����PJ�G/�LQ�PHQ�DQG�����PJ�G/�LQ�ZRPHQ��9HU\�ORZ�DQG�YHU\�KLJK�OHYHOV�DSSHDU�WR�EH�FOLQLFDOO\
UHOHYDQW�

9DULDQWV�LQ�WKH�$%&*��JHQH�ZDV�FRUUHODWHG�ZLWK�D�����UHGXFHG�XUDWH�WUDQVSRUW�UDWH�FRPSDUHG�WR�WKH�QRUPDO�JHQRW\SH��'DWD
IURP�D�SRSXODWLRQ�EDVHG�VWXG\�RI��������LQGLYLGXDOV�VXSSRUW�UV��������DV�WKH�FDXVDO�YDULDQW�LQ�WKH�UHJLRQ�DQG�VKRZ�KLJKO\
VLJQLILFDQW�DVVRFLDWLRQV�ZLWK�XUDWH�OHYHOV�DQG�JRXW��'DWD�LQGLFDWHV�WKDW�DW�OHDVW�����RI�DOO�JRXW�FDVHV�LQ�&DXFDVLRQV�DUH
DWWULEXWDEOH�WR�WKLV�FDXVDO�YDULDQW�

8ULF�DFLG�KDV�D�SDUDGR[LFDO�IXQFWLRQ�DV�ERWK�DQ�DQWLR[LGDQW�LQ�EORRG�SODVPD��SUHVHUYLQJ�62'��IXQFWLRQ��DQG�D�SUR�R[LGDQW�LQ
FHOOV��$Q�DFXWH�ULVH�LQ�XULF�DFLG�PD\�VKRZ�WKH�ERG\�WU\LQJ�WR�SURWHFW�DJDLQVW�R[LGDWLYH�VWUHVV�LQ�WKH�SUHVHQFH�RI�YLWDPLQ�&��8ULF
DFLG�LV�FDSDEOH�RI�ELQGLQJ�LURQ�DQG�LQKLELWV�LURQ�GHSHQGHQW�DVFRUEDWH�R[LGDWLRQ��SUHYHQWLQJ�R[LGDWLYH�VWUHVV��,W�DOVR�VWLPXODWHV
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H[SUHVVLRQ�RI�D�JOXWDPDWH�WUDQVSRUWHU�LQ�DVWURJOLD��E\�ZKLFK�LW�SURWHFWV�QHXURQV�IURP�JOXWDPDWH�LQGXFHG�WR[LFLW\�

9HU\�ORZ�OHYHOV�RI�XULF�DFLG�DUH�EHLQJ�LQYHVWLJDWHG�IRU�JOXWDPDWH�WR[LFLW\�UHODWHG�GLVRUGHUV�OLNH�$O]KHLPHUfV�GLVHDVH��+XQWLQJWRQfV
GLVHDVH��3DUNLQVRQfV�GLVHDVH��DQG�0XOWLSOH�6FOHURVLV��,Q�D�WUHDWPHQW�RI�SDWLHQWV�ZLWK�D�XULF�DFLG�SUHFXUVRU��LQRVLQH��LW�SUHYHQWHG
SURJUHVVLRQ�RI�PXOWLSOH�VFOHURVLV�LQ�DOO����SDWLHQWV�WHVWHG�DQG�HYHQ�LPSURYHG�WKH�V\PSWRPV�RI�VRPH�SDWLHQWV�

+RZHYHU��FKURQLFDOO\�KLJK�XULF�DFLG�OHYHOV�DUH�VWURQJO\�DVVRFLDWHG�ZLWK�JRXW��K\SHUWHQVLRQ��REHVLW\��LQVXOLQ�UHVLVWDQFH��HOHYDWHG
WULJO\FHULGHV��W\SH���GLDEHWHV��NLGQH\�GLVHDVH��XULF�DFLG�NLGQH\�VWRQHV��R[LGL]HG�/'/�DQG�FDUGLRYDVFXODU�GLVRUGHUV�

*RXW�LV�FDXVHG�E\�DQ�H[FHVV�RI�XULF�DFLG�LQ�WKH�EORRG�DQG�GHSRVLWV�RI�XULF�DFLG�VDOWV�LQ�WKH�WLVVXH�DURXQG�WKH�MRLQWV��HVSHFLDOO\�LQ
WKH�ILQJHUV�DQG�WRHV��2QH�VWXG\�IRXQG�WKDW�PHQ�ZKR�GUDQN�WZR�RU�PRUH�VXJDU�VZHHWHQHG�EHYHUDJHV�D�GD\�KDYH�DQ�����KLJKHU
FKDQFH�RI�GHYHORSLQJ�JRXW�WKDQ�WKRVH�ZKR�GUDQN�VXFK�EHYHUDJHV�LQIUHTXHQWO\�

&KHUULHV�DUH�RQH�RI�WKH�EHVW�DGGLWLRQV�IRU�ORZHULQJ�XULF�DFLG�OHYHOV��,Q�RQH�VWXG\��FKHUU\�LQWDNH�RYHU�D���GD\�SHULRG�ZDV
DVVRFLDWHG�ZLWK�D�����ORZHU�ULVN�RI�JRXW�DWWDFNV�FRPSDUHG�ZLWK�QR�LQWDNH��:KHQ�FKHUU\�LQWDNH�ZDV�FRPELQHG�ZLWK�DOORSXULQRO
XVH��WKH�ULVN�RI�JRXW�DWWDFNV�ZDV�����ORZHU�WKDQ�GXULQJ�SHULRGV�ZLWKRXW�HLWKHU�H[SRVXUH�

7HQ�KHDOWK\�VXEMHFWV�ZKR�VZLP�UHJXODUO\�LQ�LFH�FROG�ZDWHU�GXULQJ�WKH�ZLQWHU��ZLQWHU�VZLPPLQJ���ZHUH�HYDOXDWHG�EHIRUH�DQG
DIWHU�WKLV�VKRUW�WHUP�ZKROH�ERG\�H[SRVXUH��$�GUDVWLF�GHFUHDVH�LQ�SODVPD�XULF�DFLG�FRQFHQWUDWLRQ�ZDV�REVHUYHG�GXULQJ�DQG
IROORZLQJ�WKH�H[SRVXUH�WR�WKH�FROG�VWLPXOXV�

$QRWKHU�VWXG\�IRXQG�WKDW�FROG�H[SRVXUH�DOORZHG�PHQ�WR�FOHDU�VXJDU�IURP�WKHLU�EORRG����SHUFHQW�PRUH�HIILFLHQWO\�WKDQ�ZKHQ
WKH\�VWDUWHG�

$�IDPLO\�KLVWRU\�RI�H[FHSWLRQDO�ORQJHYLW\�ZDV�DVVRFLDWHG�ZLWK�ORZHU�VHUXP�XULF�DFLG�OHYHOV�LQ�$VKNHQD]L�-HZV�

0RUH�UHVHDUFK�LV�QHHGHG�WR�HOXGLFDWH�WKH�SDUDGR[LFDO�UROH�RI�XULF�DFLG�

6WUHVV�DQG�,%6�$'5%�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

$'5%��UV������� +HWHUR]\JRXV�&*

5HFDS

,QFUHDVHV�$'5%��*HQH�)XQFWLRQ��'HHS�EUHDWKLQJ�WHFKQLTXHV��PHGLWDWLRQ��\RJD�
PDJQHVLXP��DQG�YLWDPLQ�&� � 'HFUHDVHV�$'5%��*HQH�)XQFWLRQ��&KURQLF�VWUHVV�DQG�VKDOORZ�EUHDWKLQJ�

675(66�$1'�,%6�$'5%�

7KH�SDWKRJHQHVLV�RI�GLJHVWLYH�GLVRUGHUV�LV�LQFRPSOHWHO\�XQGHUVWRRG��DOWKRXJK�JHQHWLF�IDFWRUV��ORZ�JUDGH�LQIODPPDWLRQ�
LQWHVWLQDO�G\VELRVLV��DEGRPLQDO�SDLQ��DQG�EUDLQ�JXW�D[LV�G\VIXQFWLRQ�DOO�KDYH�EHHQ�SRVWXODWHG�WR�FRQWULEXWH�

7KH�EHWD���DGUHQHUJLF�UHFHSWRU��$'5%���LV�WKH�PDLQ�WDUJHW�RI�WKH�FDWHFKRODPLQH�HSLQHSKULQH�DQG�D�SULPDU\�PHGLDWRU�RI�WKH
VWUHVV�UHVSRQVH��$'5%��LV�ZLGHO\�H[SUHVVHG�ERWK�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW�DQG�LQ�WKH�&16�

6LQJOH�QXFOHRWLGH�SRO\PRUSKLVPV��613V��ORFDWHG�LQ�WKH�FRGLQJ�UHJLRQ�RI�WKH�$'5%��JHQH�KDYH�EHHQ�VKRZQ�WR�EH�DVVRFLDWHG
ZLWK�LQFUHDVHG�DOWHUHG�UHFHSWRU�UHVSRQVH�WR�FDWHFKRODPLQHV�DV�ZHOO�DV�DOWHUHG�UHFHSWRU�H[SUHVVLRQ��,Q�WKH�FDVH�RI�UV��������
WKLV�PD\�OHDG�WR�GHFUHDVHG�UHFHSWRU�GHJUDGDWLRQ�DQG�GRZQ�UHJXODWLRQ��LQ�WXUQ�HQKDQFLQJ�WKH�DGUHQDOLQH�UHVSRQVH�

)RU�WKH�UV��������JHQRW\SH��ERWK�**�KRPR]\JRWHV�DQG�&*�KHWHUR]\JRWHV�GHPRQVWUDWHG�D�KLJKHU�SHUFHQWDJH�RI�GLJHVWLYH
LVVXHV�FRPSDUHG�ZLWK�&&�KRPR]\JRWHV��7KH�*�DOOHOH�FDUULHUV�ZHUH�DVVRFLDWHG�ZLWK�D�KLJKHU�SHUFHQWDJH�RI�,%6�FDVHV��WZLFH�WKH
UDWHV�RI�DQ[LHW\��DQG�IXQFWLRQDO�FKHVW�SDLQ�GLDJQRVHV��:LWKLQ�,%6��*�DOOHOH�FDUULHUV�KDG�PRUH�VHYHUH�ERZHO�V\PSWRPV�DQG
V\PSWRPDWLF�GD\V�

70



*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

+/$�'4��� +/$�'4����
UV������� &&

+/$�'4� +/$�'4��
UV������� 77

%&02��5���6
%&02��HQFRGHV�WKH

FRQYHUVLRQ�UDWH�IURP�EHWD�
FDURWHQH�WR�YLWDPLQ�$�

%&02��5���6�
UV�������� $7

%&02��$���9�
UV������� &7

)$'6�
7KH�)$'6��JHQH�HQFRGHV�WKH

FRQYHUVLRQ�RI�SODQW�EDVHG
RPHJD���IDWW\�DFLG�DOSKD

OLQROHQLF�DFLG��$/$��WR�(3$��

)$'6��UV���� $*

)$'6��UV������ &*

)87�
7KH�)87��JHQH�FRQWUROV

SUHELRWLF�SURGXFWLRQ��%��
DEVRUSWLRQ�DQG�KRZ�PXFK

ELILGREDFWHULD�\RX�FDUU\�LQ�\RXU
GLJHVWLYH�WUDFW��7KH�UV������

613�LV�IRXQG�LQ�(XURSHDQ�
$IULFDQ�DQG�,QGLDQ�SRSXODWLRQV�

)87��UV������ $*

1%3)�
1%3)��KDV�EHHQ�DVVRFLDWHG

ZLWK�YLWDPLQ�%��OHYHOV�
1%3)��UV������� &&

6/&��$�
6ROXWH�FDUULHU�IDPLO\���

PHPEHU����6/&��$���LV�RQH�RI
WKH�WZR�WUDQVSRUWHUV�ZKLFK�DLGV
LQ�WKH�DEVRUSWLRQ�RI�YLWDPLQ�&
LQWR�WKH�ERG\��3RO\PRUSKLVPV
LQ�WKH�JHQH�DUH�DVVRFLDWHG�ZLWK

UHGXFHG�SODVPD�YLWDPLQ�&
OHYHOV�LQ�WKH�ERG\�

6/&��$��
UV�������� &&

$&$7����
7KH�$&$7�JHQH�FRQYHUWV

SURWHLQ�DQG�IDW�WR�$73��HQHUJ\�
LQ�WKH�PLWRFKRQGULD��DQG�SOD\V

DQ�LPSRUWDQW�UROH�LQ�FHOOXODU
FKROHVWHURO�KRPHRVWDVLV�

$&$7�����
UV������� **
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

$',324
$',324�HQFRGHV�IRU

DGLSRQHFWLQ��D�SURWHLQ�VHFUHWHG
E\�IDW�FHOOV�WKDW�DIIHFW�LQVXOLQ
DQG�JOXFRVH�PHWDEROLVP��/RZ

OHYHOV�RI�DGLSRQHFWLQ�SOD\�D�UROH
LQ�REHVLW\��LQVXOLQ�UHVLVWDQFH

DQG�7\SH���GLDEHWHV�

$',324�
UV������� 77

+)(�&���<
$�KRPR]\JRXV�+)(�&���<�PD\
OHDG�WR�DQ�LURQ�RYHUORDG�GXH�WR
LQFUHDVHG�LURQ�DEVRUSWLRQ�DQG

GLVUXSWHG�PHWDEROLVP�
&RPSRXQG�KHWHUR]\JRWHV

&���<�+��'�DQG�VLQJOH�&���<
KHWHUR]\JRWHV�FDUU\�D�YHU\�ORZ

ULVN�RI�KHPRFKURPDWRVLV�
PDNLQJ�WKH�KRPR]\JRXV�&���<

WKH�PRVW�FOLQLFDOO\�UHOHYDQW�

+)(�&���<�
UV������� **

33$5�DOSKD
7KH�33$5�DOSKD�JHQH�SOD\V�D

YLWDO�UROH�LQ�IDWW\�DFLG
PHWDEROLVP�DQG�NHWRVLV��DQG�LV

FRQVLGHUHG�RQH�RI�WKH�PRVW
FULWLFDO�WDUJHWV�IRU�DPHOLRUDWLQJ

DEQRUPDOLWLHV�ZLWK
WULJO\FHULGHV��+'/��/'/��9/'/�

DQG�$SR%�

33$5�DOSKD�
UV������� &&

$&6/�
/RQJ�FKDLQ�DF\O�&R$�V\QWKHWDVH
���$&6/���SOD\V�DQ�LPSRUWDQW
UROH�LQ�IDWW\�DFLG�PHWDEROLVP
DQG�WULJO\FHULGH�V\QWKHVLV�

'LVWXUEDQFH�RI�WKHVH�SDWKZD\V
PD\�UHVXOW�LQ�G\VOLSLGHPLD�DQG
LQVXOLQ�UHVLVWDQFH��KDOOPDUNV�RI

WKH�PHWDEROLF�V\QGURPH�

$&6/��UV������� **

)72
3RO\PRUSKLVPV�LQ�WKH�)72
JHQHV�KDYH�EHHQ�VKRZQ�WR
FDXVH�KLJKHU�JKUHOLQ�OHYHOV
�KXQJHU�KRUPRQH��LQ�PDQ\

SRSXODWLRQV��ZKLFK�FDQ�FUHDWH�D
ODUJHU�DSSHWLWH�DQG�WKH
SRWHQWLDO�IRU�RYHUHDWLQJ�

)72�UV������� $7

)72�UV�������� *7
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

$32$�
7KH�$32$��JHQH�FRQWDLQV
LQVWUXFWLRQV�IRU�PDNLQJ�D

SURWHLQ�FDOOHG�DSROLSRSURWHLQ�$�
,,��ZKLFK�LV�IRXQG�LQ�+'/
FKROHVWHURO�SDUWLFOHV��7KH

KRPR]\JRXV�JHQRW\SH�KDV
EHHQ�OLQNHG�WR�VDWXUDWHG�IDW

LQWDNH�DQG�ZHLJKW�JDLQ�

$32$��UV���� $*

7&)�/�
7&)�/��SRO\PRUSKLVPV�KDYH

EHHQ�DVVRFLDWHG�ZLWK�ORZ
LQFUHWLQ�KRUPRQHV�DQG�LPSDLUHG

LQVXOLQ�VHFUHWLRQ�

7&)�/��UV������� &7

/&7
/&7�LV�WKH�JHQH�FRQQHFWHG�ZLWK
WKH�DELOLW\�WR�EUHDNGRZQ�ODFWRVH

LQ�GDLU\�

/&7�UV������� $$

$3%�
$3%��LV�HQFRGHV�IRU�WKH�'$2

HQ]\PH�WR�EUHDNGRZQ
KLVWDPLQHV�SULPDULO\�LQ�WKH

GLJHVWLYH�WUDFW��7KH
KRPR]\JRXV�JHQRW\SH�PD\

LQFUHDVH�WKH�ULVN�RI�PLJUDLQHV
IURP�KLVWDPLQHV�LQ�ZRPHQ�RU�D

K\SHUVHQVLWLYLW\�WR�$VSLULQ�LQ
PHQ�

$3%��UV�������� &&

$%&*���4���.�
7KH�$%&*���4���.��JHQH�LV
ORFDWHG�DW�WKH�PHPEUDQH�RI
NLGQH\�SUR[LPDO�WXEXOH�FHOOV�
ZKHUH�LW�PHGLDWHV�UHQDO�XUDWH

VHFUHWLRQ��9DULDQWV�LQ�WKLV�JHQH
DUH�OLQNHG�WR�UHGXFHG�XULF�DFLG

H[FUHWLRQ�

$%&*���4���.��
UV������� *7
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

$/'+�
$OFRKRO�PHWDEROLVP�LQ�WKH�OLYHU
PRVW�FRPPRQO\�LQYROYHV�WKH

HQ]\PHV�DOFRKRO
GHK\GURJHQDVH�DQG�DOGHK\GH
GHK\GURJHQDVH��PHWDEROL]LQJ
DOFRKRO�WR�DFHWDOGHK\GH��DQG

WKHQ�WR�DFHWDWH��$/'+�
HQFRGHV�IRU�DOGHK\GH

GHK\GURJHQDVH��DQG�YDULDQWV
FDQ�DIIHFW�WKH�OHYHOV�RI

DFHWDOGHK\GH�DQG�WKHUHIRUH�WKH
FDUFLQRJHQLF�HIIHFW�RI�DOFRKRO�

$/'+��UV��� **

$'5%�
7KH�EHWD���DGUHQHUJLF�UHFHSWRU
�$'5%���LV�WKH�PDLQ�WDUJHW�RI

WKH�FDWHFKRODPLQH�HSLQHSKULQH�
DQG�D�SULPDU\�PHGLDWRU�RI�WKH

VWUHVV�UHVSRQVH��$'5%��LV
ZLGHO\�H[SUHVVHG�ERWK�LQ�WKH

JDVWURLQWHVWLQDO�WUDFW�DQG�LQ�WKH
&16�

$'5%��UV������� &*

33&'&
33&'&�LV�QHFHVVDU\�IRU�WKH
ELRV\QWKHVLV�RI�FRHQ]\PH�$
DQG�YDULDQWV�LQ�WKLV�613�DUH
DVVRFLDWHG�ZLWK�VHUXP�]LQF

OHYHOV�

33&'&�UV������� 77

6(/(1%3�
7KH�3URWHLQ�6HOHQLXP�%LQGLQJ��

JHQH�FRGHV�IRU�DQ�LQWHJUDO
PHPEUDQH�SURWHLQ�LQYROYHG�LQ

DQWLJHQ�SUHVHQWDWLRQ�DQG�VHUXP
FRSSHU�OHYHOV�

6(/(1%3��
UV������� *7

7)5�
7KH�7)5��JHQH�SURYLGHV
LQVWUXFWLRQV�IRU�PDNLQJ�D
SURWHLQ�FDOOHG�WUDQVIHUULQ

UHFHSWRU���WR�KHOS�LURQ�HQWHU
OLYHU�FHOOV��7KH�UHFHSWRU�RQ�WKH
VXUIDFH�RI�OLYHU�FHOOV�ELQGV�WR
WUDQVIHUULQ��ZKLFK�WUDQVSRUWV

LURQ�WKURXJK�WKH�EORRG�WR
WLVVXHV�WKURXJKRXW�WKH�ERG\�

:KHQ�WUDQVIHUULQ�ELQGV�WR
WUDQVIHUULQ�UHFHSWRU����LURQ�LV

DOORZHG�WR�HQWHU�WKH�FHOO�

7)5��UV������� $$

74



0<�&/,1,&$/�5(6($5&+�6800$5<��0(7+</$7,21�&<&/(
)RODWH�07+)5����
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

07+)5�����UV������� :LOG�7\SH�**

5HFDS

,PSURYHV�07+)5�����*HQH�)XQFWLRQ��5LERIODYLQ�DQG�PHWK\OIRODWH� �
'HFUHDVHV�07+)5�����*HQH�)XQFWLRQ��3URWRQ�SXPS�LQKLELWRUV��RUDO�FRQWUDFHSWLYHV�
16$,'V��DQWLFRQYXOVDQWV��DQWLYLUDOV��DQWLELRWLFV��DFLG�EORFNHUV�DQWDFLGV�DQG
K\SRWK\URLGLVP�

)2/$7(�07+)5����

<RX�KDYH�WKH�ZLOG�W\SH�JHQRW\SH�FRPPRQ�LQ�QRUWKHUQ�FOLPDWHV��7KLV�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�ORZHU�IRODWH�UHTXLUHPHQWV
XQOHVV�\RX�KDYH�WKH�07+)5������KRPR]\JRXV�JHQRW\SH��7KH�ZLOG�W\SH�07+)5�����JHQRW\SH�DVVLVWV�ZLWK�KHDOWK\
KRPRF\VWHLQH�OHYHOV�

7KH�ZLOG�W\SH�JHQRW\SH�LV�DVVRFLDWHG�ZLWK�UHGXFHG�SURWHFWLRQ�DJDLQVW�89�LQGXFHG�'1$�GDPDJH�IURP�WKH�VXQ�GXH�WR�ORZHU
WK\PLGLQH�SURGXFWLRQ�

)RODWH�07+)5�����
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

07+)5������UV������� +RPR]\JRXV�**

5HFDS

,PSURYHV�07+)5������*HQH�)XQFWLRQ��9LWDPLQ�&��/�DUJLQLQH��IRODWH��%��
PDJQHVLXP��KRO\�EDVLO��VHOHQLXP��UR\DO�MHOO\�DQG�GHHS�EUHDWKLQJ�WHFKQLTXHV� �

'HFUHDVHV�07+)5������*HQH�)XQFWLRQ��&KURQLF�VWUHVV��RUDO�FRQWUDFHSWLYHV��KLJK
OHYHOV�RI�PHUFXU\��DUVHQLF��OHDG�DQG�DOXPLQXP��V\QWKHWLF�IROLF�DFLG��SKHQ\ODODQLQH�
DVSDUWDPH��R[LGDWLYH�VWUHVV�DQG�KLJK�SURWHLQ�GLHWV�

)2/$7(�07+)5�����

7KH�KRPR]\JRXV�07+)5������JHQH�KDV�D�����UHGXFWLRQ�LQ�HQ]\PDWLF�IXQFWLRQ�

07+)5�����DQG������DUH�FRQQHFWHG�WR�%+��OHYHOV��ZLWK�LQGLYLGXDOV�ZKR�DUH�KRPR]\JRXV�KDYLQJ�D�PXFK�KLJKHU�VHQVLWLYLW\�WR
WKH�GUDLQ�RQ�%+��IURP�VWUHVV��KHDY\�PHWDOV��KLJK�EORRG�VXJDU��YHJHWDEOH�RLOV��FKURQLF�VWUHVV��KLJK�OHYHOV�RI�PHUFXU\��DUVHQLF�
OHDG�DQG�DOXPLQXP��V\QWKHWLF�IROLF�DFLG��SKHQ\ODODQLQH��DVSDUWDPH��R[LGDWLYH�VWUHVV�DQG�KLJK�SURWHLQ�GLHWV�

%+��VWUXFWXUDOO\�UHVHPEOHV�IRODWH�DQG�KDV�EHHQ�GHVFULEHG�WR�EH�UHGXFHG�LQ�HQGRWKHOLDO�FHOOV�ZKHQ�LQFUHDVHG�OHYHOV�RI
KRPRF\VWHLQH�DUH�SUHVHQW��+LJK�SURWHLQ�GLHWV�SURGXFH�KLJKHU�DPRXQWV�RI�DPPRQLD��ZKLFK�GUDLQV�%+���DQG�WKH�ERG\�VWRUHV
DPPRQLD�DV�JOXWDPDWH��FRPSRXQGLQJ�LVVXHV�ZLWK�WKH�*$'��JHQHV���7KLV�FDQ�OHDG�WR�DQ�LQGLYLGXDO�ZLWK�KLJKHU�DQ[LHW\�OHYHOV�
HVSHFLDOO\�WKRVH�ZLWK�HOHYDWHG�JOXWDPDWH�OHYHOV�
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7KH�KHDY\�PHWDO�VHQVLWLYLW\�PD\�EH�ZK\�PHQ�ZLWK�WKH�KRPR]\JRXV�07+)5������JHQRW\SH�KDYH�D�VWDWLVWLFDOO\�KLJKHU
VLJQLILFDQFH�RI�LQIHUWLOLW\��7XOVL��KRO\�EDVLO��KDV�DOVR�EHHQ�VKRZQ�WR�SURWHFW�DJDLQVW�WKH�WR[LF�HIIHFWV�RI�KHDY\�PHWDOV�VXFK�DV�OHDG�
DUVHQLF��FDGPLXP��FKURPLXP�DQG�PHUFXU\��DQG�WKH�WR[LF�HIIHFWV�RI�UDGLDWLRQ�

%+��SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�IRUPDWLRQ�RI�DOO�WKH�QHXURWUDQVPLWWHUV��VHURWRQLQ��PHODWRQLQ��GRSDPLQH��HSLQHSKULQH�
QRUHSLQHSKULQH�HWF���DQG�LPPXQLW\��0LFH�VWXGLHV�KDYH�VKRZQ�WKDW�UDLVLQJ�%+��QRUPDOL]HV�VHURWRQLQ�OHYHOV�DQG�GLJHVWLYH
IXQFWLRQ��,Q�RQH�KXPDQ�VWXG\��OHYHOV�RI�%+��LQ�FHUHEURVSLQDO�IOXLG�ZDV�����ORZHU�LQ�FKLOGUHQ�ZLWK�$XWLVP�6SHFWUXP�'LVRUGHU
�$6'��

2QH�VWXG\�LQ�����SRVW�PHQRSDXVDO�ZRPHQ�IRXQG�WKDW�IRU�WKRVH�ZLWK�FHUWDLQ�JHQRW\SHV�LQ�&<3�%���UV����������.5$6
�UV����������DQG�07+)5��UV��������DQG�UV����������RUDO�FRQWUDFHSWLYHV�DQG�KRUPRQH�UHSODFHPHQW�WKHUDS\�ZDV�DVVRFLDWHG
ZLWK�VKRUWHU�OHXNRF\WH�WHORPHUH�OHQJWK��6KRUWHU�OHXNRF\WH�WHORPHUHV�DUH�FRQQHFWHG�WR�SUHPDWXUH�DJLQJ��DQG�PD\�LQFUHDVH�WKH
ULVN�RI�FDQFHU��FDUGLRYDVFXODU�GLVHDVH��REHVLW\��GLDEHWHV��FKURQLF�SDLQ��DQG�VHQVLWLYLW\�WR�SHUFHLYHG�SV\FKRORJLFDO�VWUHVV�

5HVHDUFK�KDV�IRXQG�WKDW�YLWDPLQ�&��/�DUJLQLQH��IRODWH��%���PDJQHVLXP��KRO\�EDVLO��VHOHQLXP��UR\DO�MHOO\�DQG�GHHS�EUHDWKLQJ
WHFKQLTXHV�DOO�LQFUHDVH�%+��OHYHOV��

5HOD[DWLRQ�WHFKQLTXHV��\RJD��PHGLWDWLRQ��4L�*RQJ��LQYROYH�VORZ��GHHS�EUHDWKLQJ�DQG�KDYH�EHHQ�IRXQG�WR�EH�DQ�HIIHFWLYH
WKHUDSHXWLF�LQWHUYHQWLRQ�WKDW�FRXQWHUDFWV�WKH�DGYHUVH�FOLQLFDO�HIIHFWV�RI�VWUHVV�LQ�GLVRUGHUV�LQFOXGLQJ�K\SHUWHQVLRQ��DQ[LHW\�
LQVRPQLD�DQG�DJLQJ�

)RODWH�07+)'��*����$
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

07+)'��*����$
UV������� +HWHUR]\JRXV�$*

5HFDS

,PSURYHV�07+)'��*HQH�)XQFWLRQ����IRUP\O�WHWUDK\GURIRODWH��IROLQLF�DFLG��DQG
FKROLQH �

'HFUHDVHV�07+)'��*HQH�)XQFWLRQ��)RODWH�DQG�FKROLQH�GHILFLHQF\��SURWRQ�SXPS
LQKLELWRUV��RUDO�FRQWUDFHSWLYHV��16$,'V��DQWLFRQYXOVDQWV��DQWLYLUDOV��DQWLELRWLFV��DQG
DFLG�EORFNHUV�DQWDFLGV�

)2/$7(�07+)'��*����$

5HVHDUFK��$�PHWD�DQDO\VLV�VWURQJO\�VXJJHVWV�WKDW�WKH�07+)'��*����$�SRO\PRUSKLVP�PLJKW�EH�DVVRFLDWHG�ZLWK�PDWHUQDO�ULVN
IRU�QHXUDO�WXEH�GHIHFWV�LQ�&DXFDVLDQ�SRSXODWLRQV��+RZHYHU��WKH�HYLGHQFH�RI�WKLV�DVVRFLDWLRQ�VKRXOG�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ
GXH�WR�WKH�VHOHFWLYH�QDWXUH�RI�SXEOLFDWLRQ�RI�JHQHWLF�DVVRFLDWLRQ�VWXGLHV��$QRWKHU�VWXG\�IRXQG�WKDW�WKH�SRO\PRUSKLVP�GHFUHDVHV
HQ]\PH�VWDELOLW\�DQG�LQFUHDVHV�ULVN�RI�FRQJHQLWDO�KHDUW�GHIHFWV�

��IRUP\O�WHWUDK\GURIRODWH�LV�WKH�VHFRQG�PRVW�FRPPRQ�W\SH�RI�IRODWH�DIWHU�PHWK\OIRODWH�LQ�WKH�FHUWDLQ�IRRGV��7KLV�LV�ZK\�GLHWDU\
IRODWH�LV�RSWLPDO�EHFDXVH�LW�DGGUHVVHV�ERWK�XSVWUHDP�DQG�GRZQVWUHDP�IRODWH�JHQH�SRO\PRUSKLVPV�LQ�WKH�PHWK\ODWLRQ�F\FOH�

&KHFNLQJ�07+)5�DQG�3(07�JHQHV�DORQJ�ZLWK�07+)'��KHOSV�\RX�GHWHUPLQH�\RXU�UHTXLUHPHQWV�IRU�IROLQLF�DFLG��PHWK\OIRODWH
DQG�FKROLQH�WR�KHOS�VWDELOL]H�HQ]\PDWLF�IXQFWLRQ�

%���7&1�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�
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*(1( *(127<3(

7&1��&���*�UV������� +RPR]\JRXV�**

5HFDS

,PSURYHV�7&1��*HQH�)XQFWLRQ��/LWKLXP� � 'HFUHDVHV�7&1��*HQH�)XQFWLRQ��'HSOHWHG�OLWKLXP�OHYHOV�

%���7&1�

5HVHDUFK��/RZ�YLWDPLQ�%���FRQFHQWUDWLRQV�LQ�WKH�FHOO�FDQ�EH�WKH�UHVXOW�RI�ORZ�YLWDPLQ�%���LQWDNH��EXW�WKH\�FDQ�DOVR�EH
DWWULEXWDEOH�WR�D�GLVWXUEDQFH�LQ�WKH�DEVRUSWLRQ��WUDQVSRUW��RU�FHOOXODU�XSWDNH�RI�WKLV�YLWDPLQ��+LJK�%���OHYHOV�RQ�EORRG�WHVWV�PD\
LQGLFDWH�SRRU�LQWUDFHOOXODU�WUDQVSRUW�DQG�DEVRUSWLRQ�

$SSUR[LPDWHO\��������RI�FLUFXODWLQJ�FREDODPLQ�ELQGV�WR�WUDQVFREDODPLQ����7&1����ZKLFK�LV�UHIHUUHG�WR�DV�DFWLYH�YLWDPLQ�%�����$
�����PHWD�DQDO\VLV�IRXQG�WKDW�VXEMHFWV�ZLWK�WKH�UV��������**�JHQRW\SH�KDG�VLJQLILFDQWO\�ORZHU�FRQFHQWUDWLRQV�RI
KRORWUDQVFREDODPLQ�DQG�KLJKHU�FRQFHQWUDWLRQV�RI�KRPRF\VWHLQH��(XURSHDQ�GHVFHQW�RQO\��WKDQ�VXEMHFWV�ZLWK�WKH�&&�JHQRW\SH�

,Q�&KLQHVH�SDWLHQWV��WKH�&*�DQG�**�JHQRW\SHV�ZHUH�KLJKHU�LQ�SDWLHQWV�ZLWK�PLOG��PRGHUDWH��DQG�VHYHUH�XOFHUDWLYH�FROLWLV
FRPSDUHG�ZLWK�WKRVH�ZLWK�UHPLVVLRQ�XOFHUDWLYH�FROLWLV��7KH�DYHUDJH�KRPRF\VWHLQH�OHYHO�ZDV�HOHYDWHG��ZKHUHDV�WKH�DYHUDJH
YLWDPLQ�%���DQG�IRODWH�OHYHOV�ZHUH�UHGXFHG�

,I�\RX�KDYH�WKH�**�7&1��JHQRW\SH��\RX�PD\�UHTXLUH�PRUH�GLHWDU\�OLWKLXP�WR�DVVLVW�%���WUDQVSRUW��/LWKLXP�UDQJHV�ZLGHO\�EDVHG
RQ�WKH�ZDWHU�VXSSO\��,W�LV�KLJKHVW�LQ�FHUWDLQ�PLQHUDO�ZDWHUV��VKHOOILVK��WRPDWRHV��VSLQDFK��XQSHHOHG�SRWDWRHV��HJJSODQW��FDEEDJH�
URRLERV�WHD��URVHKLSV��SDVWXUHG�HJJV�DQG�6DFFKDURP\FHV�FHUHYLVLDH��\HDVW���&RXQWULHV�WKDW�FRQVXPH�WKH�PRVW�OLWKLXP�LQFOXGH
WKH�LQKDELWDQWV�RI�&KLQD��0H[LFR��$XVWULD��DQG�6ZHGHQ�

7HVWLQJ�OLWKLXP�OHYHOV�PD\�EH�D�XVHIXO�PDUNHU�IRU�FHUWDLQ�GLVRUGHUV�OLNH�GHSUHVVLRQ�DQG�ELSRODU�GLVRUGHU��2QH�VWXG\�IRXQG�WKDW
\RXQJ�86�FKLOGUHQ�ZLWK�DXWLVP�DQG�WKHLU�PRWKHUV�KDG�XQXVXDOO\�ORZ�OHYHOV�RI�OLWKLXP�FRPSDUHG�WR�QHXURW\SLFDO�FKLOGUHQ�DQG
WKHLU�PRWKHUV�

5HVHDUFKHUV�KDYH�DOVR�H[SORUHG�OLWKLXP
V�UROH�LQ�SUHYHQWLQJ�FDQFHU�PHWDVWDVLV�ZKHQ�FDQFHU�FHOOV�DUH�H[SUHVVLQJ�KLJK�OHYHOV�RI
7*)%,S��,QKLELWLRQ�RI�7*)%,S�H[SUHVVLRQ�LQ�FDQFHU�FHOOV�E\�OLWKLXP�GHFUHDVHG�WXPRU�PHWDVWDVLV�WR�WKH�OXQJV��OLYHU��DQG�O\PSK
QRGHV�

%H�DZDUH�WKDW�KLJK�%���VXSSOHPHQWDWLRQ�GHSOHWHV�OLWKLXP�OHYHOV��DQG�GRVLQJ�OLWKLXP�VXSSOHPHQWDWLRQ�VKRXOG�EH�GRQH�ZLWK
H[WUHPH�FDXWLRQ�GXH�WR�LWV�VXSSUHVVLQJ�HIIHFW�RQ�WKH�WK\URLG�KRUPRQHV�

&KROLQH�3(07
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

3(07�UV���� +RPR]\JRXV�77

3(07�UV�������� +RPR]\JRXV�**
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5HFDS

,PSURYHV�3(07�*HQH�)XQFWLRQ��&KROLQH��YLWDPLQ�&�DQG�HVWURJHQ� �
'HFUHDVHV�3(07�*HQH�)XQFWLRQ��1LJKWWLPH�SDLQ�UHOLHYHUV��DQWLKLVWDPLQHV��DQWL�
VHL]XUH�PHGLFDWLRQV��VOHHS�DLGV��DQWLGHSUHVVDQWV��LQFRQWLQHQFH�GUXJV�DQG�QDUFRWLF
SDLQ�UHOLHYHUV�

&+2/,1(�3(07

,PSURYHV�3(07�*HQH�)XQFWLRQ��&KROLQH��YLWDPLQ�&�DQG�HVWURJHQ�

'HFUHDVHV�*HQH�)XQFWLRQ��1LJKWWLPH�SDLQ�UHOLHYHUV��DQWLKLVWDPLQHV��DQWL�VHL]XUH�PHGLFDWLRQV��VOHHS�DLGV��DQWLGHSUHVVDQWV�
LQFRQWLQHQFH�GUXJV�DQG�QDUFRWLF�SDLQ�UHOLHYHUV�

5HVHDUFK��3KRVSKDWLG\OHWKDQRODPLQH�1�PHWK\OWUDQVIHUDVH��3(07��FDWDO\]HV�WKH�V\QWKHVLV�RI�SKRVSKDWLG\OFKROLQH�

&KROLQH�LV�UHVSRQVLEOH�IRU�VKXWWOLQJ�IDW�RXW�RI�WKH�OLYHU��DLGLQJ�WKH�JDOOEODGGHU��KHDOWK\�FHOO�PHPEUDQHV�WR�SURWHFW�DJDLQVW
LQIODPPDWLRQ��ORZHULQJ�DQ[LHW\��SUHYHQWLQJ�GDPDJH�IURP�JOXWDPDWH�VSLNHV��GHHS�VOHHS��KHDOWK\�'1$��KHDOWK\�SUHJQDQF\�DQG
EUHDVW�KHDOWK��1RQ�$OFRKROLF�)DWW\�/LYHU�6\QGURPH�RFFXUV�PDLQO\�IURP�D�FKROLQH�GHILFLHQF\��&KROLQH�GHILFLHQF\�DOVR�LQFUHDVHV
VHQVLWLYLW\�WR�FDUFLQRJHQLF�FKHPLFDOV��P\FRWR[LQV�DQG�YHJHWDEOH�RLOV�GXH�WR�SRRU�FHOO�PHPEUDQH�KHDOWK�

5HVHDUFK�VKRZV�WKDW�WKH�KLJKHVW�GLHWDU\�LQWDNH�RI�FKROLQH�LV�IRXQG�IURP�SHRSOH�LQ�WKH�1RUWKHUQ�FRXQWULHV��ZKHUHDV
0HGLWHUUDQHDQ�FRXQWULHV�KDG�WKH�ORZHVW�LQWDNH��:RUOGZLGH��WRWDO�FKROLQH�LQWDNH�LQ�DGXOWV�UDQJHV�IURP�����PJ�GD\�WR����
PJ�GD\�IRU�PHQ��IURP�7DLZDQ�DQG�6ZHGHQ��UHVSHFWLYHO\��DQG�IURP�����PJ�GD\�WR�����PJ�GD\�IRU�ZRPHQ��IURP�0H[LFR�DQG
6ZHGHQ��0DMRU�IRRG�VRXUFHV�RI�GLHWDU\�FKROLQH�YDU\�E\�FRXQWU\��)RU�H[DPSOH��HJJV��PHDW��DQG�GDLU\�DUH�WKH�PDMRU�VRXUFHV�RI
WRWDO�GLHWDU\�FKROLQH�LQ�1HZ�=HDODQG��ZKLOH�HJJV��VHDIRRG��PHDWV��DQG�VR\�SURGXFWV�DUH�WKH�SUHGRPLQDQW�VRXUFHV�LQ�-DSDQ�DQG
&KLQD�

+DYLQJ�RQH�RU�PRUH�7�DOOHOHV�DW�UV�����LV�DVVRFLDWHG�ZLWK�KDYLQJ�ORZHU�SKRVSKDWLG\OFKROLQH�SURGXFWLRQ�LQ�WKH�OLYHU�

0RUH�WKDQ�����RI�ZRPHQ�KDYH�D�JHQHWLF�SRO\PRUSKLVP�LQ�3(07��UV����������WKDW�PDNHV�WKLV�JHQH�XQUHVSRQVLYH�WR
HVWURJHQ��ZKLFK�FUHDWHV�WKH�VDPH�KLJK�FKROLQH�UHTXLUHPHQW�DV�PHQ��7KHVH�ZRPHQ�PD\�EH�HVSHFLDOO\�VHQVLWLYH�WR�GLHWDU\
FKROLQH�YDULDWLRQV�GXULQJ�SUHJQDQF\��2QH�VWXG\�IRXQG�WKDW�WKH�KLJKHVW�TXLQWLOH�RI�FKROLQH�FRQVXPSWLRQ�ZDV�DVVRFLDWHG�ZLWK�D
ORZHU�ULVN�RI�EUHDVW�FDQFHU�FRPSDUHG�ZLWK�WKH�ORZHVW�TXLQWLOH�

(LJKW\�SHUFHQW�RI�WKH�ZRPHQ�ZKR�ZHUH�KRPR]\JRXV�IRU�WKH�UV���������613�PDQLIHVWHG�VLJQV�RI�FKROLQH�GHSOHWLRQ��OLYHU�RU
PXVFOH�G\VIXQFWLRQ���UHODWLYH�WR�����RI�VXEMHFWV�FDUU\LQJ�RQH�FRS\�RI�WKH�YDULDQW�DOOHOH�DQG�����RI�VXEMHFWV�ZLWKRXW�WKH�613�
$OPRVW�����RI�WKH�1RUWK�&DUROLQD�SRSXODWLRQ�LQ�WKH�8QLWHG�6WDWHV�KDV�RQH�YDULDQW�DOOHOH�

%��&%6
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

&%6�$�����*�UV������� +HWHUR]\JRXV�&7

5HFDS

,PSURYHV�&%6�*HQH�)XQFWLRQ��%��DQG�6$0H�DV�FR�IDFWRUV��VHOHQLXP�DQG�IRODWH�WR
LQFUHDVH�DUVHQLF�GHWR[LILFDWLRQ� �

'HFUHDVHV�*HQH�)XQFWLRQ��$QWLELRWLFV��DUVHQLF��ELUWK�FRQWURO��$&(�LQKLELWRUV�
DQWDFLGV��SURWRQ�SXPS�LQKLELWRUV��3KHQ\WRLQ��EURQFKRGLODWRUV��'LJR[LQ��GLXUHWLFV�
KRUPRQH�UHSODFHPHQW�WKHUDS\��(VWUDGLRO��0$2�LQKLELWRUV��6W��-RKQ
V�:RUW��KLJK
F\VWHLQH�DQG�3DUQDWH�

%��&%6

5HVHDUFK��&%6�LV�DQ�LPSRUWDQW�HQ]\PH�LQ�WKH�WUDQVVXOIXUDWLRQ�SDWKZD\�WKDW�FDWDO\]HV�WKH�FRQYHUVLRQ�RI�KRPRF\VWHLQH��+&<��WR
F\VWDWKLRQLQH��D�VXEVWUDWH�IRU�JOXWDWKLRQH�V\QWKHVLV�

7KH�&%6�JHQH�UHTXLUHV�%��DQG�KHDOWK\�6$0H�SURGXFWLRQ�WR�UHJXODWH�IXQFWLRQ��'HILFLHQFLHV�LQ�&%6�DFWLYLW\�DUH�WKH�PRVW�IUHTXHQW
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FDXVH�RI�IDPLOLDO�KLJK�KRPRF\VWHLQH�DQG�WKH�XQGHUO\LQJ�FDXVH�RI�WKH�&%6�JHQHWLF�GLVRUGHU�KRPRF\VWLQXULD��ZKLFK�LV
FKDUDFWHUL]HG�E\�VHYHUH�KLJK�KRPRF\VWHLQH�OHYHOV�

5HVHDUFK�KDV�K\SRWKHVL]HG�WKDW�UV��������YDULDQWV�PLJKW�UHGXFH�WKH�DFWLYLW\�RI�&%6��DQG�WKXV�ZDV�SRVLWLYHO\�DVVRFLDWHG�ZLWK
KRPRF\VWHLQH�OHYHOV�DQG�D�PDUJLQDO�DVVRFLDWLRQ�ZLWK�GHFUHDVHG�SODVPD�%���OHYHOV�

2QH�VWXG\�GHPRQVWUDWHG�D�VLJQLILFDQW�DVVRFLDWLRQ�RI�ERWK�HOHYDWHG�KRPRF\VWHLQH�OHYHOV�DQG�ORZ�YLWDPLQ�%��OHYHOV�ZLWK�&%6
SRO\PRUSKLVPV�LQ�WKH�SUHVHQFH�RI�QRQYDOYXODU�DWULDO�ILEULOODWLRQ�

+\GURJHQ�VXOILGH��+�6��PD\�DOVR�QHHG�WR�EH�WKH�IRFXV�ZLWK�&%6�DQG�KRPRF\VWHLQH�OHYHOV��+�6�LV�SURGXFHG�LQ�WKH�EUDLQ�
SDQFUHDV��OLYHU��UHSURGXFWLYH�WLVVXHV��/RZ�OHYHOV�RI�+6��DIIHFW�UHSDLU�RI�WKH�*,�WUDFW�DQG�GLVUXSWHG�OHYHOV�RI�+6��FDQ�OHDG�WR
FRJQLWLYH�GHILFLWV�RU�H[FLWDWLRQ�LQ�WKH�EUDLQ�

5HGXFHG�&%6�DFWLYLW\�FRXOG�FDXVH�ORZ�+�6�FRQFHQWUDWLRQV��DIIHFWLQJ�PLWRFKRQGULDO�KHDOWK�DQG�WKH�JXW�EUDLQ�D[LV��$EQRUPDOLWLHV
RI�K\GURJHQ�VXOILGH�LQ�WKH�ERG\�KDYH�EHHQ�LGHQWLILHG�LQ�VHYHUDO�GLVRUGHUV�LQFOXGLQJ�XOFHUDWLYH�FROLWLV��$O]KHLPHUfV�GLVHDVH�
'RZQfV�V\QGURPH��DQG�SRVVLEO\�LQ�GLDEHWHV���

*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

07+)5����
7KH�07+)5�����JHQH

HQFRGHV�WKH�07+)5�JHQH�WR
FRQYHUW�IRODWH�LQWR�WKH�DFWLYH
IRUP��PHWK\OIRODWH��9DULDQWV

LQ�WKLV�JHQH�VORZ�GRZQ
HQ]\PDWLF�IXQFWLRQ�

07+)5�����
UV������� **

07+)5�����
07+)5������LV�LQYROYHG�LQ
FRQYHUWLQJ���PHWK\OIRODWH

��07+)��WR�WHWUDK\GURIRODWH
�7+)���8QOLNH�07+)5������WKH
�����YDULDQW�GRHV�QRW�OHDG�WR
HOHYDWHG�KRPRF\VWHLQH�OHYHOV

XQOHVV�SDLUHG�ZLWK�D
KHWHUR]\JRXV�07+)5�����

07+)5������
UV������� **

07+)'��*����$
�0HWK\OHQHWHWUDK\GURIRODWH
GHK\GURJHQDVH����HQFRGHV�D
SURWHLQ�WKDW�SRVVHVVHV�WKUHH
GLVWLQFW�HQ]\PDWLF�DFWLYLWLHV�LQ

WKH�LQWHUFRQYHUVLRQ�RI���
FDUERQ�GHULYDWLYHV�RI

WHWUDK\GURIRODWH�

07+)'��*����$�
UV������� $*

'+)5�$�����*
'LK\GURIRODWH�UHGXFWDVH

�'+)5��FDWDO\]HV�WKH
UHGXFWLRQ�RI�GLK\GURIRODWH�WR
WHWUDK\GURIRODWH��7+)��DQG
DIIHFW�V\QWKHWLF�IROLF�DFLG

PHWDEROLVP�

'+)5�$�����*�
UV������� &7

'+)5�&�����$�
UV������� *779



*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

075�$����*
075��PHWKLRQLQH�V\QWKDVH�
FRPELQHV�IRODWH��PHWK\O�%��

DQG�KRPRF\VWHLQH�LQWR
PHWKLRQLQH�

075�$����*�
UV������� $$

0755�$��*
0755�DWWDFKHV�D�PHWK\O
JURXS�WR�%���DQG�YDULDQWV
KHUH�ZLOO�VORZ�WKH�SURFHVV�
:KHQ�ERWK�075�DQG�0755
H[LVW��G\VIXQFWLRQ�FDQ�RFFXU�

0755�$��*�
UV������� $*

7&1��&���*
7UDQVFREDODPLQ�,,��7&1���RU
KRORWUDQVFREDODPLQ�ZKHQ
ERXQG��WUDQVSRUWV�%���WR

SHULSKHUDO�WLVVXHV��9DULDQWV�LQ
WKLV�JHQH�PD\�DIIHFW�%��

WUDQVSRUW�

7&1��&���*�
UV������� **

3(07
9DULDQWV�LQ�3(07�PD\

LQFUHDVH�WKH�QHHG�IRU�FKROLQH
DQG�LQFUHDVH�WKH�VHQVLWLYLW\�WR

DQWLFKROLQHUJLF�GUXJV�

3(07�UV���� 77

3(07�UV�������� **

&%6�$�����*
7KH�&\VWDWKLRQH�%HWD�

6\QWKDVH��&%6��HQ]\PH�SXOOV
KRPRF\VWHLQH�WR�K\GURJHQ

VXOILGH��+�6��DQG�JOXWDWKLRQH�
UHTXLULQJ�%��DQG�6$0H�DV�D

PRGXODWRU�

&%6�$�����*�
UV������� &7

&%6
7KH�&\VWDWKLRQH�%HWD�

6\QWKDVH��&%6��HQ]\PH�SXOOV
KRPRF\VWHLQH�WR�K\GURJHQ

VXOILGH��+�6��DQG�JOXWDWKLRQH�
UHTXLULQJ�%��DQG�6$0H�DV�D
PRGXODWRU��&%6�UV������
DQG�UV��������DVVLVWV�LQ

DUVHQLF�GHWR[LILFDWLRQ�

&%6�UV������ &7

&%6�������7�
UV������� $*

%+07 %+07�UV������� $$

80



0<�&/,1,&$/�5(6($5&+�6800$5<��+25021(�6833257
7K\URLG�',��
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

',���UV������ +RPR]\JRXV�&&

5HFDS

,PSURYHV�',���*HQH�)XQFWLRQ��,RGLQH��VHOHQLXP��%���PDJQHVLXP��]LQF��YLWDPLQ�$
DQG�YLWDPLQ�'� �

'HFUHDVHV�',���*HQH�)XQFWLRQ��)OXRULGH��IOXRURTXLQRORQH�DQWLELRWLFV��EURPLQDWHG
YHJHWDEOH�RLOV�IRXQG�LQ�FHUWDLQ�VRIW�GULQNV�DQG�VSRUWV�GULQNV��FHUWDLQ�SHVWLFLGHV�
SRWDVVLXP�EURPDWH��ILUH�UHWDUGDQWV��KLJK�PHUFXU\�RU�FDGPLXP�OHYHOV��VWDWLQ�GUXJV�
DQWDFLGV��SURWRQ�SXPS�LQKLELWRUV��DQWL�GHSUHVVDQWV��DQWL�IXQJDO�PHGLFDWLRQV��KLJK
OLWKLXP�VXSSOHPHQWDWLRQ��RUDO�FRQWUDFHSWLYHV��6(506�DQG�FRUWLFRVWHURLGV�

7+<52,'�',��

5HVHDUFK��'��LV�WKH�RQO\�HQ]\PH�DEOH�WR�FRQYHUW�7��WR�7��LQ�WKH�EUDLQ�DQG�LV�OLNHO\�WR�SOD\�D�NH\�UROH�LQ�GHWHUPLQLQJ�WKH�DELOLW\�RI
WKH�EUDLQ�WR�UHVSRQG�WR�FLUFXODWLQJ�7��OHYHOV��7KHUH�DUH�RWKHU�FDQGLGDWH�JHQHV�LQ�DGGLWLRQ�WR�',2��LQFOXGLQJ�WK\URLG�KRUPRQH
WUDQVSRUWHUV�WKDW�PD\�DOVR�LQIOXHQFH�SV\FKRORJLFDO�ZHOO�EHLQJ��)LQGLQJV�VXJJHVW�WKDW�WKHVH�VKRXOG�EH�H[SORUHG�WRJHWKHU�LQ�WKH
IXWXUH�ZKHQ�DQDO\]LQJ�SV\FKRORJLFDO�LPSDFW�

7KRVH�ZLWK�WKH�KRPR]\JRXV�JHQRW\SH�IRU�',2��UV�������KDYH�EHHQ�DVVRFLDWHG�ZLWK�D�KLJKHU�+E$�&�LQ�7\SH���GLDEHWHV
SDWLHQWV��K\SHUWHQVLRQ�LQ�D�VPDOO�VWXG\�RI�EODFN�VXEMHFWV��ELSRODU�GLVRUGHU�LQ�D�&KLQHVH�SRSXODWLRQ��KLJKHU�VHQVLWLYLW\�WR�LRGLQH
GHILFLHQF\�DQG�PHQWDO�UHWDUGDWLRQ�ULVN�LQ�&KLQHVH�VXEMHFWV��RVWHRDUWKULWLV�LQ�KXPDQ�MRLQW�WLVVXH�UHVHDUFK��DQG�GHFUHDVHG�IHPRUDO
QHFN�ERQH�PLQHUDO�GHQVLW\�DQG�KLJKHU�ERQH�WXUQRYHU�LQGHSHQGHQW�RI�VHUXP�WK\URLG�KRUPRQH�OHYHO�LQ�SDWLHQWV�ZLWK�FXUHG
GLIIHUHQWLDWHG�WK\URLG�FDUFLQRPD�

,Q�D�VWXG\�ZLWK��������SDUWLFLSDQWV�IURP�WKH�/LIH/LQHV�FRKRUW�VWXG\�XVLQJ�DYDLODEOH�JHQRPH�ZLGH�JHQHWLF�GDWD��WKH�HIIHFWV�RI
WKH�',2��UV�������ZHUH�HYDOXDWHG�LQ�WKH�JHQHUDO�SRSXODWLRQ�DQG�LQ�����LQGLYLGXDOV�XQGHUJRLQJ�OHYRWK\UR[LQH�UHSODFHPHQW
WKHUDS\�PDLQO\�GXH�WR�SULPDU\�K\SRWK\URLGLVP��,Q�ERWK�JURXSV��YDULDQWV�ZHUH�QRW�DVVRFLDWHG�ZLWK�GLIIHUHQFHV�LQ�76+��IUHH
WK\UR[LQH��7���DQG�IUHH�WULLRGRWK\URQLQH��7����SUHVHQFH�RI�PHWDEROLF�V\QGURPH��RWKHU�FRPRUELGLWLHV��+54R/��DQG�FRJQLWLYH
IXQFWLRQLQJ�

5RGHQW�VWXGLHV�KDYH�IRXQG�WKDW�FDUULHUV�RI�WKH�YDULDQW�PD\�H[KLELW�ORZHU�'��FDWDO\WLF�DFWLYLW\�DQG�GLPLQLVKHG�WK\URLG�KRUPRQH
VLJQDOLQJ�UHVXOWLQJ�LQ�ORFDOL]HG�DQG�V\VWHPLF�K\SRWK\URLGLVP��7KLV�KDV�QRW�EHHQ�UHSOLFDWHG�LQ�KXPDQV�

5HVHDUFKHUV�ORRNLQJ�DW�WK\URLGHFWRPL]HG�SDWLHQWV�FDUU\LQJ�WKH�',2��YDULDQW�PD\�EH�DW�DQ�LQFUHDVHG�ULVN�RI�UHGXFHG�LQWUDFHOOXODU
DQG�VHUXP�7��FRQFHQWUDWLRQV�WKDW�DUH�QRW�DGHTXDWHO\�FRPSHQVDWHG�IRU�E\�7���KRZHYHU��WKH\�VWDWH�WKH�OLPLWDWLRQ�RI�WKH�VWXG\�LV
WKH\�DUH�XQDEOH�WR�SHUIRUP�D�UHSOLFDWLYH�VWXG\�RI�WKH�GHLRGLQDVH�JHQH�PXWDWLRQV�LQ�DQ�LQGHSHQGHQW�FRKRUW�DQG�FDQQRW�H[FOXGH
WKH�SUHVHQFH�RI�IDOVH�SRVLWLYH�UHVXOWV�

,Q�RQH�VWXG\��WKH�KRPR]\JRXV�JHQRW\SH�LQ�',2��ZDV�SUHVHQW�LQ�����RI�WKH�VWXG\�SRSXODWLRQ�DQG�DVVRFLDWHG�ZLWK�D�QRQ�
VLJQLILFDQW�ZRUVH�EDVHOLQH�*HQHUDO�+HDOWK�6FRUH�LQ�SDWLHQWV�RQ�7��FRPSDUHG�WR�WKH�ZLOG�W\SH�JHQRW\SH��,Q�DGGLWLRQ��WKLV
JHQRW\SH�VKRZHG�JUHDWHU�LPSURYHPHQW�LQ�7��DQG�7��WKHUDS\�FRPSDUHG�ZLWK�7��RQO\�E\�����*HQHUDO�+HDOWK�6FRUH�SRLQWV�DW��
PRQWKV�DQG�����DW����PRQWKV�

,W�VKRXOG�EH�QRWHG�WKDW�UHVHDUFKHUV�EHOLHYH�WKDW�FRQWURYHUV\�H[LVWV�ZLWK�WKH�LQWHUSUHWDWLRQ�RI�',2��LQ�KXPDQV�GXH�WR�FRQIOLFWLQJ
ILQGLQJV�ZLWK�LQ�YLWUR��URGHQW��DQG�KXPDQ�VWXGLHV��5HVHDUFKHUV�KDYH�DOVR�VWDWHG�WKDW�JHQHWLF�SRO\PRUSKLVPV�LQ�WKH�',2��JHQH
PD\�DIIHFW�SV\FKRORJLFDO�ZHOO�EHLQJ�LQ�SDWLHQWV�RQ�7��UHSODFHPHQW�DQG�SUHGLFW�WKRVH�ZKR�ZLOO�KDYH�LPSURYHG�ZHOO�EHLQJ�LQ
UHVSRQVH�WR�FRPELQDWLRQ�WKHUDS\�ZLWK�7���+RZHYHU��UHSOLFDWLRQ�RI�WKLV�UHVXOW��LQFOXGLQJ�SURVSHFWLYH�VWXGLHV�ZLWK�JHQRW\SH�
VHOHFWHG�SRSXODWLRQV��LV�UHTXLUHG�EHIRUH�FKDQJHV�LQ�WUHDWPHQW�DSSURDFK�FDQ�EH�UHFRPPHQGHG�LQ�URXWLQH�SUDFWLFH�

%DODQFLQJ�7��7��OHYHOV�DQG�VXSSRUWLQJ�WKH�WK\URLG�ZLWK�LRGLQH��]LQF��VHOHQLXP��DQG�PDJQHVLXP�PD\�LPSURYH�WK\URLG�IXQFWLRQ�
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9LWDPLQ�'�&<3�5�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

&<3�5��UV�������� +HWHUR]\JRXV�$*

5HFDS

,PSURYHV�&<3�5��*HQH�)XQFWLRQ��6XQ�H[SRVXUH��DGHTXDWH�YLWDPLQ�'�LQWDNH�DQG
YLWDPLQ�'�FR�IDFWRUV� � 'HFUHDVHV�&<3�5��*HQH�)XQFWLRQ��/DFN�RI�VXQ�H[SRVXUH��KLJK�IUXFWRVH�LQWDNH�DQG

ODFN�RI�YLWDPLQ�'�FR�IDFWRUV�

9,7$0,1�'�&<3�5�

5HVHDUFK��6WXGLHV�FRQILUP�WKDW�&<3�5��LV�WKH�SULQFLSDO����K\GUR[\ODVH�LQ�KXPDQV�DQG�GHPRQVWUDWHV�WKDW�&<3�5��DOOHOHV�KDYH
GRVDJH�GHSHQGHQW�HIIHFWV�RQ�YLWDPLQ�'�KRPHRVWDVLV�

$������PHWD�DQDO\VLV�RI�VL[WHHQ�DUWLFOHV�ZLWK�D�WRWDO�RI��������SDUWLFLSDQWV�ZDV�UHYLHZHG�IRU�UV����������7KH�**�JHQRW\SH
ZDV�DVVRFLDWHG�ZLWK�D�FOHDU�GHVFHQGLQJ�WUHQG�RI����2+�'�OHYHOV�ZKHQ�FRPSDUHG�ZLWK�WKH�$$�JHQRW\SH�LQ�&DXFDVLDQ�DQG�$VLDQ
SRSXODWLRQV�

5HVHDUFK�KDV�VKRZQ�WKDW�RUDO�DGPLQLVWUDWLRQ�RI�YLWDPLQ�'�OHG�WR�QHJOLJLEOH�LQFUHDVHV�LQ�VHUXP����K\GUR[\�YLWDPLQ�'�IRU
KRPR]\JRWHV��DQG�VLJQLILFDQWO\�ORZHU�LQFUHDVHV�LQ�VHUXP����K\GUR[\�YLWDPLQ�'�LQ�KHWHUR]\JRXV�VXEMHFWV�WKDQ�LQ�FRQWURO
VXEMHFWV��7KH�KHWHUR]\JRXV�HIIHFW�PD\�RQO\�EH�UHOHYDQW�LQ�&DXFDVLDQ�SRSXODWLRQV�

9LWDPLQ�'�FDQ�LQIOXHQFH�WKH�H[SUHVVLRQ�RI�PRUH�WKDQ�������JHQHV�DQG�YLWDPLQ�'�GHILFLHQF\�KDV�EHHQ�OLQNHG�WR�IDWW\�OLYHU�
VHL]XUHV��LQIHUWLOLW\��RVWHRSRURVLV��FDQFHU��DXWLVP��PRWKHU�GHILFLHQW���GHSUHVVLRQ��KHDUW�DWWDFNV��$O]KHLPHU
V��GHPHQWLD��KLJK
EORRG�SUHVVXUH��ORZ�WHVWRVWHURQH�LQ�PHQ��DXWRLPPXQH�GLVRUGHUV�DQG�PRUH�

7KH�OLWHUDWXUH�LV�PL[HG�RQ�RSWLPDO�YLWDPLQ�'�OHYHOV��ZKLFK�PRVW�OLNHO\�YDU\�EDVHG�RQ�\RXU�KHULWDJH��VNLQ�FRORU�DQG�FXUUHQW�KHDOWK
LVVXHV��7KH�PRVW�ZHOO�GRFXPHQWHG�FDXVH�RI�9LWDPLQ�'�GHILFLHQF\�LV�LQDGHTXDWH�VXQOLJKW�H[SRVXUH�VXFK�DV�KLJK�ODWLWXGH
FRXQWULHV��3DUDGR[LFDOO\��GHVSLWH�LWV�KLJK�VXQOLJKW�KRXUV��YLWDPLQ�'�GHILFLHQF\�LV�ZHOO�UHFRJQL]HG�LQ�0LGGOH�(DVWHUQ�ZRPHQ��LQQHU
FLW\�\RXQJ�DGXOWV�LQ�$PHULFD��DWKOHWHV�DQG�GDQFHUV�LQ�,VUDHO��HOLWH�J\PQDVWV�LQ�$XVWUDOLD��\RXQJ�+DZDLLDQ�VXUIHUV��DQG�DGROHVFHQW
JLUOV�LQ�(QJODQG�

)RU�DWKOHWHV��YLWDPLQ�'�GHILFLHQF\�KDV�ORQJ�EHHQ�DVVRFLDWHG�ZLWK�PXVFOH�ZHDNQHVV�DQG�VXERSWLPDO�PXVFOH�IXQFWLRQ��$�SRVLWLYH
UHODWLRQVKLS�EHWZHHQ�VHUXP�YLWDPLQ�'�OHYHO�DQG�MXPS�KHLJKW��MXPS�YHORFLW\�DQG�SRZHU�ZDV�IRXQG�LQ�\RXQJ�ZRPHQ�

&OLQLFDO�YLWDPLQ�'�GHILFLHQF\�LV�EHORZ����QJ�PO��7KHUH�LV�OLWWOH�HYLGHQFH�WR�SURYH�WKHUH�LV�D�EHQHILW�IRU�OHYHOV�DERYH����QJ�PO��7KH
ODWHVW�FDQFHU�UHVHDUFK�KDV�IRXQG�WKDW�ZRPHQ�ZLWK����2+�'�FRQFHQWUDWLRQV�JUHDWHU�WKDQ����QJ�PO�KDG�D�����ORZHU�ULVN�RI
FDQFHU�WKDQ�ZRPHQ�ZLWK�FRQFHQWUDWLRQV�OHVV�WKDQ����QJ�PO��3HVWLFLGHV�KDYH�EHHQ�OLQNHG�WR�VXSSUHVVLQJ�YLWDPLQ�'�OHYHOV�DQG
FUHDWLQJ�D�YLWDPLQ�'�GHILFLHQF\��<RXU�321��JHQH�IXQFWLRQ�VKRXOG�DOVR�EH�DVVHVVHG����

5HVHDUFK�KDV�IRXQG�WKDW�VXQOLJKW�LV�WKH�RSWLPDO�ZD\�WR�RSWLPL]H�YLWDPLQ�'�OHYHOV�DORQJ�ZLWK�H[HUFLVH��YLWDPLQ�'�ULFK�IRRGV�DQG
YLWDPLQ�'�FRIDFWRUV��KRZHYHU�VXSSOHPHQWDWLRQ�PD\�EH�QHFHVVDU\�
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

6+%*
6H[�+RUPRQH�%LQGLQJ�*OREXOLQ
�6+%*��LV�V\QWKHVL]HG�LQ�WKH

OLYHU��DQG�LQ�WKH�EORRG�LW
WUDQVSRUWV�DQG�UHJXODWHV�WKH

DFFHVV�RI�VH[�VWHURLGV�WR�WKHLU
WDUJHW�WLVVXHV�

6+%*�UV������� **

6+%*�UV�������� **

6+%*
6H[�+RUPRQH�%LQGLQJ�*OREXOLQ
�6+%*��LV�V\QWKHVL]HG�LQ�WKH

OLYHU��DQG�LQ�WKH�EORRG�LW
WUDQVSRUWV�DQG�UHJXODWHV�WKH

DFFHVV�RI�VH[�VWHURLGV�WR�WKHLU
WDUJHW�WLVVXHV��9DULDQWV�LQ�WKLV

JHQH�KDYH�EHHQ�VKRZQ�WR�OHDG�WR
ORZHU�WHVWRVWHURQH��FDOFXODWHG
IUHH�WHVWRVWHURQH�DQG�6+%*�LQ

PHQ�

6+%*�UV���� &&

',��
',���LV�FRQQHFWHG�WR�WK\URLG

KHDOWK�DQG�LV�UHVSRQVLEOH�IRU�WKH
GHLRGLQDWLRQ�RI�7��LQWR�7��

',���UV������� $&

',��
',���LV�FRQQHFWHG�WR�WK\URLG

KHDOWK�DQG�LV�UHVSRQVLEOH�IRU�WKH
GHLRGLQDWLRQ�RI�7��LQWR�7���'��LV
WKH�RQO\�DFWLYDWLQJ�GHLRGLQDVH�LQ

WKH�EUDLQ�

',���UV������ &&

&<3�5�
9LWDPLQ�'�LV�WHFKQLFDOO\�D
KRUPRQH��DQG�&<3�5��LV

FRQQHFWHG�WR�FLUFXODWLQJ�YLWDPLQ
'�OHYHOV�

&<3�5��
UV�������� $*

&<3�$�
&<3�$��LV�LQ�WKH�HVWURJHQ

PHWDEROLVP�SDWKZD\�DORQJ�ZLWK
&<3�%���&<3�$���&<3��$�

68/7fV�DQG�&207�

&<3�$��UV������� 77

&<3�&��
��
*HQHWLF�YDULDELOLW\�LPSDFWV
H[SUHVVLRQ�DQG�DFWLYLW\�RI

&<3�&���DQG�WKHUHIRUH�FDQ
LQIOXHQFH�GUXJ�PHWDEROLVP�DQG

FDWDEROLVP�RI�HVWURJHQV�

&<3�&��
���
UV�������� &&
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

&<3�$�
&<3�$��LV�D�NH\�HQ]\PH�LQ

FDIIHLQH�PHWDEROLVP�DQG�WKH���
K\GUR[\ODWLRQ�RI�WKH�PDLQ

HVWURJHQV��HVWURQH��DQG�HVWUDGLRO�

&<3�$��UV������ $&

&207
&207�LV�LQYROYHG�LQ

FDWHFKRODPLQH��GRSDPLQH�
DGUHQDOLQH��DQG�HVWURJHQ
PHWDEROLVP�WKURXJK�WKH

LQDFWLYDWLRQ�RI�WKH�FDWHFKRO
HVWURJHQV�

&207�UV���� **

)87�
7KH�)87��JHQH�FRQWUROV�SUHELRWLF
SURGXFWLRQ��%���DEVRUSWLRQ��DQG

KRZ�PXFK�ELILGREDFWHULD�\RX
FDUU\�LQ�\RXU�GLJHVWLYH�WUDFW�

)87��UV������ $*

0715�%
7KH�0715�%�JHQH�HQFRGHV�IRU

WKH�PHODWRQLQ�UHFHSWRU��%�

0715�%�
UV�������� &&

*& *&�UV������� *7

&<3��%� &<3��%��
UV������� $*

9'5�)2. 9'5�)2.�
UV������� **

'+&5� '+&5��UV�������� 77
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0<�&/,1,&$/�5(6($5&+�6800$5<��0(17$/�+($/7+�	
&2*1,7,9(�3(5)250$1&(
0$2�6HURWRQLQ
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

0$2�$�UV���� :LOG�7\SH�77

5HFDS

,PSURYHV�0$2�$�*HQH�)XQFWLRQ��9LWDPLQ�%���IRODWH��%����%���PDJQHVLXP��YLWDPLQ
&�DQG�SURELRWLFV� �

'HFUHDVHV�*HQH�)XQFWLRQ��$QWLELRWLFV��DVSDUWDPH��RUDO�FRQWUDFHSWLYHV��SURWRQ�SXPS
LQKLELWRUV��KLJK�HVWURJHQ�OHYHOV��FRQVWLSDWLRQ�DQG�GHILFLHQFLHV�LQ�WKH�YLWDPLQV�DQG
PLQHUDOV�DERYH�

0$2�6(52721,1

5HVHDUFK��0$2�$��0RQRDPLQH�R[LGDVH�$��LV�D�FULWLFDO�HQ]\PH�LQYROYHG�LQ�EUHDNLQJ�GRZQ�LPSRUWDQW�QHXURWUDQVPLWWHUV�VXFK�DV
VHURWRQLQ��HVWURJHQ��QRUHSLQHSKULQH��DQG�GRSDPLQH�

<RX�KDYH�WKH�77�JHQRW\SH�WKDW�HQFRGHV�IRU�WKH�VORZ�DFWLYLW\�RI�WKH�0$2�$�HQ]\PH��ZKLFK�KHOSV�SUHVHUYH�VHURWRQLQ��7KH�77
JHQRW\SH��FRQVWLSDWLRQ��DQG�KLJK�HVWURJHQ�FDXVH�D�YHU\�VORZ�0$2�$�HQ]\PH�LQ�IHPDOHV��ZKLFK�FDQ�LQFUHDVH�VHQVLWLYLW\�WR
VWUHVV�GXH�WR�KLJK�OHYHOV�RI�HVWURJHQ��VHURWRQLQ��DQG�SRRU�GHWR[LILFDWLRQ��)LEHU��%���%���DQG�PDJQHVLXP�DUH�FUXFLDO�IRU�WKLV
JHQRW\SH��7KH�77�JHQRW\SH�PD\�DOVR�PDNH�\RX�PRUH�VHQVLWLYH�WR�0$2�LQKLELWRUV��665,V��DQWLELRWLFV�DQG�RUDO�FRQWUDFHSWLYHV
GHSHQGLQJ�RQ�\RXU�HVWURJHQ�VWDWXV�

5HVHDUFK�KDV�IRXQG�WKDW�WKH�WUDQVSRUW�RI�WU\SWRSKDQ��SUHFXUVRU�WR�VHURWRQLQ��LV�ORZHU�LQ�FKLOGUHQ�ZLWK�$'+'��DQG�RQH�VWXG\
IRXQG�WKDW�WKH�UV�����77�JHQRW\SH�ZDV�D�SURWHFWLYH�IDFWRU�DJDLQVW�$'+'�LQ�.RUHDQ�FKLOGUHQ�

6HURWRQLQ�OHYHOV�DUH�PRUH�FRPSOLFDWHG�WKDQ�DVVHVVLQJ�MXVW�0$2�$��LQFOXGLQJ�JHQGHU��HVWURJHQ�IOXFWXDWLRQV��FKURQLF�VWUHVV�
DQWLELRWLF�XVH�DQG�JHQHUDO�JXW�KHDOWK��&207�IXQFWLRQ��DQG�VHURWRQLQ�WUDQVSRUWDWLRQ�DQG�UHFHSWRU�JHQHV��6HURWRQLQ�LV
UHVSRQVLEOH�IRU�ZHOO�EHLQJ��KDSSLQHVV��PHPRU\��DQG�DSSHWLWH��:KHQ�VHURWRQLQ�LV�WRR�ORZ��LW�FDQ�FDXVH�GHSUHVVLRQ��ODFN�RI
DPELWLRQ��DQG�D�VWUXJJOH�WR�GHULYH�SOHDVXUH�IURP�OLIH��:KHQ�LW�LV�G\VUHJXODWHG��LW�FDQ�FDXVH�,%6��PDQLD��2&'��DQG�GUXJ�LQGXFHG
VHURWRQLQ�V\QGURPH�

7R�PRGXODWH�KHDOWK\�VHURWRQLQ�OHYHOV��UHVHDUFK�KDV�IRXQG�WKDW�DHURELF�H[HUFLVH�WR�IDWLJXH��VWUHQJWK�WUDLQLQJ��\RJD��DQG�QDWXUH
ZDONV�DOO�DUH�HIIHFWLYH��)HUPHQWHG�IRRGV�DQG�SURELRWLFV������RI�VHURWRQLQ�LV�PDGH�LQ�WKH�JXW���JHWWLQJ�PRUH�VXQOLJKW��RU�WDNLQJ
YLWDPLQ�'��GDUN�FKRFRODWH��ILVK�RLO��DQG�D�ZHHNO\�PDVVDJH�DUH�DOVR�H[FHOOHQW�VWUDWHJLHV��+RZHYHU��ERWK�H[WUHPHV�RI�D�VHGHQWDU\
OLIHVW\OH�DQG�H[FHVVLYH�H[HUFLVH�QHJDWLYHO\�DIIHFW�0$2�$�

6HURWRQLQ�5HFHSWRU�6WUHVV
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�
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*(1( *(127<3(

��+7�$�UV���� +HWHUR]\JRXV�&7

��+7�$�UV���� +HWHUR]\JRXV�$*

5HFDS

,PSURYHV�*HQH�)XQFWLRQ��0RGHUDWH�LQWHQVLW\�DHURELF�H[HUFLVH��FRJQLWLYH�EHKDYLRUDO
WKHUDS\��PLQGIXOQHVV�WUDLQLQJ��PHGLWDWLRQ��\RJD��WU\SWRSKDQ��JUHHQ�RU�EODFN�WHD�
SUHELRWLFV��SURELRWLFV��%���%���%����DQG�IRODWH�

� 'HFUHDVHV���+7�$�*HQH�)XQFWLRQ��&KURQLF�VWUHVV��SRRU�JXW�IORUD��KLJK�GRVH�OLWKLXP�
FDQQDELV�DEXVH��DQG�H[FHVVLYH�VPDUWSKRQH�XVH�

6(52721,1�5(&(3725�675(66

5HVHDUFK��7KH�VHURWRQLQ��$�UHFHSWRU����+7�$��KDV�EHHQ�LPSOLFDWHG�LQ�PHQWDO�GLVRUGHUV�ZLWK�FRPSOH[�HWLRORJLHV�WKDW�DUH�VWLOO�QRW
FOHDUO\�XQGHUVWRRG��LQ�SURFHVVHV�VXFK�DV�OHDUQLQJ�DQG�PHPRU\��DQG�DOVR�LQ�QHXURJHQHVLV��$OWKRXJK�WKH�IXQFWLRQDO�VLJQLILFDQFH�RI
��+7�$�SRO\PRUSKLVPV�DUH�QRW�HQWLUHO\�XQGHUVWRRG��WKHUH�LV�HYLGHQFH�WKDW�UV�����PRGXODWHV�WUDQVFULSWLRQ�IDFWRU�ELQGLQJ�DQG
SURPRWHU�PHWK\ODWLRQ��DIIHFWLQJ�JHQH�WUDQVFULSWLRQ��WKH�ILUVW�VWHS�RI�JHQH�H[SUHVVLRQ��

7KH�7�DOOHOH�RI�WKH���+7�$�JHQH�UV�����KDV�EHHQ�VKRZQ�WR�LQFUHDVH�WKH���+7�$�H[SUHVVLRQ�LQ�YLWUR�DQG�LV�DVVRFLDWHG�ZLWK
DQ[LHW\��,%6�DQG�GHSUHVVLYH�GLVRUGHUV��,W�KDV�DOVR�EHHQ�K\SRWKHVL]HG�WKDW���+7�$�YDULDQWV�PD\�LQIOXHQFH�UHVWLQJ�YDJDO�DFWLYLW\
DPRQJ�SHUVRQV�ZLWK�FKURQLFDOO\�KLJK�OHYHOV�RI�SHUFHLYHG�VWUHVV�

2QH�PHWD�DQDO\VLV�VKRZHG�WKDW�WKH�7�DOOHOH�RI�UV�����RU�WKH�OLQNHG�$�DOOHOH�RI�UV�����ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK
REVHVVLYH�FRPSXOVLYH�GLVRUGHU��2&'���7KLV�UHVXOW�ZDV�FRQILUPHG�LQ�WKH�DXWKRUfV�VXEVHTXHQW�FRPSUHKHQVLYH�PHWD�DQDO\VLV�LQ
�����ZLWK�D�ODUJHU�GDWDVHW��0XOWLSOH�VWXGLHV�LQ�WKLV�DQDO\VLV�LQGLFDWHG�WKDW�WKH�UV�����7�DOOHOH�ZDV�PRUH�DEXQGDQW�LQ�IHPDOHV
ZLWK�2&'�FRPSDUHG�WR�FRQWURO�IHPDOHV�

$QRWKHU�PHWD�DQDO\VLV�RI����WZLQ�VDPSOHV�VXJJHVWV�WKDW�REVHVVLRQV�DQG�FRPSXOVLRQV�DULVH�IURP�D�FRPELQDWLRQ�RI�JHQHWLF
IDFWRUV�DQG�QRQ�VKDUHG�HQYLURQPHQW��2&'�PLJKW�EH�VKDSHG�E\�D�ODUJH�QXPEHU�RI�JHQHV�RI�PRGHVW�LPSDFW��ZKLFK�FRPELQH�WR
LQjXHQFH�WKH�ULVN�IRU�GHYHORSLQJ�2&'��3RO\PRUSKLVPV�LQ�JHQHV�UHODWHG�WR�%'1)��*$%$��JOXWDPDWH��VHURWRQLQ��DFHW\OFKROLQH�
JO\FLQH��XELTXLWLQ��EUDG\NLQLQ��P\HOLQL]DWLRQ��71)$��JHQGHU�DQG�HQYLURQPHQWDO�WUDXPD�PD\�DOO�KDYH�D�FXPXODWLYH�HIIHFW�RQ
ZKHWKHU�RU�QRW�VRPHRQH�GHYHORSV�2&'�

3VRULDVLV�LV�D�FKURQLF�LQIODPPDWRU\�VNLQ�GLVHDVH�DIIHFWLQJ�DERXW������RI�WKH�SRSXODWLRQ�ZRUOGZLGH��DQG�LV�WKRXJKW�WR�EH�D
PXOWLIDFWRULDO�GLVHDVH�ZLWK�ERWK�JHQHWLF�DQG�LPPXQRJHQLF�EDFNJURXQGV��3VRULDVLV�RFFXUV�LQ�FRQQHFWLRQ�ZLWK�VWUHVV�DQG�PRRG
GLVRUGHUV�DQG�LV�DSSDUHQWO\�LQGXFHG�LQ�SDWLHQWV�ZKR�KDYH�EHHQ�WUHDWHG�ZLWK�DQWLGHSUHVVDQWV��7KH�VHURWRQHUJLF�V\VWHP��ZKLFK
FRQVLVWV�RI�VHURWRQLQ�SURGXFLQJ�FHOOV��VHURWRQLQ�UHFHSWRUV�DQG�VHURWRQLQ�WUDQVSRUWHUV��PD\�SOD\�D�VLJQLILFDQW�UROH�LQ�SVRULDVLV�

7KHDQLQH��D�FRPSRQHQW�RI�JUHHQ�WHD�DQG�EODFN�WHD��KDV�EHHQ�VKRZQ�WR�LQFUHDVH�%'1)�OHYHOV��PRGXODWH�VHURWRQLQ�DQG�GRSDPLQH
OHYHOV��DQG�LPSURYH�OHDUQLQJ�DQG�PHPRU\��,W�KDV�VKRZQ�SURPLVH�DV�DQ�DGMXQFW�WKHUDS\�IRU�VFKL]RSKUHQLD�DQG�GHSUHVVLRQ��DQG
UHVHDUFKHUV�EHOLHYH�WKHUH�PD\�DOVR�EH�DQ�DSSOLFDWLRQ�IRU�DQ[LHW\�GLVRUGHUV��SDQLF�GLVRUGHU��2&'��DQG�ELSRODU�GLVRUGHU�

9DJXV�QHUYH�VWLPXODWLRQ�PD\�EH�D�SURPLVLQJ�DGG�RQ�WUHDWPHQW�IRU�DQ[LHW\��GHSUHVVLRQ��376'��VHL]XUHV��DQG�LQIODPPDWRU\
ERZHO�GLVHDVH��1DWXUDO�ZD\V�WR�VWLPXODWH�WKH�YDJXV�QHUYH�DQG�LQFUHDVH�YDJDO�WRQH�LQFOXGH�VLQJLQJ��GHHS�EUHDWKLQJ��PHGLWDWLRQ
DQG�\RJD��$QRWKHU�ZD\�LV�WR�PDNH�D�GLHWDU\�VKLIW�WRZDUGV�JRRG�JXW�EDFWHULD��VKRZQ�WR�LQIOXHQFH�WKH�DFWLYLW\�RI�WKH�YDJXV�QHUYH�

,Q�KXPDQ�YROXQWHHUV�DV�ZHOO�DV�LQ�D�UDW�PRGHO��DGPLQLVWUDWLRQ�RI�D�SURELRWLF�IRUPXODWLRQ�FRQVLVWLQJ�RI�/DFWREDFLOOXV�KHOYHWLFXV
5������WUDGLWLRQDOO\�XVHG�LQ�WKH�PDQXIDFWXUH�RI�6ZLVV�W\SH�FKHHVHV�DQG�ORQJ�ULSHQHG�,WDOLDQ�FKHHVHV�VXFK�DV�(PPHQWDO�
*UX\HUH��*UDQD�3DGDQR�DQG�3DUPLJLDQR�5HJJLDQR��DQG�%LILGREDFWHULXP�ORQJXP�5����$��FRORQL]HV�DW�ELUWK��EXW�OHYHOV�YDU\
JHQHWLFDOO\��VLJQLILFDQWO\�DWWHQXDWHG�SV\FKRORJLFDO�GLVWUHVV�DQG�UHGXFHG�DQ[LHW\�OLNH�EHKDYLRU��5HVHDUFK�KDV�DOVR�IRXQG�WKDW
SUHELRWLFV�FDQ�LPSURYH�QRQ�5(0�VOHHS�DV�ZHOO�DV�5(0�VOHHS�DIWHU�D�VWUHVVIXO�HYHQW�

2QH�SLORW�VWXG\�IRXQG�WKDW�D����ZHHN�PRGHUDWH�LQWHQVLW\�DHURELF�H[HUFLVH�SURJUDP�UHGXFHG�2&'�V\PSWRPV�DQG�WKH�UHGXFWLRQV
ODVWHG���PRQWKV�ODWHU�

$QRWKHU�VWXG\�FRPELQHG�FRJQLWLYH�EHKDYLRUDO�WKHUDS\�DQG�D����ZHHN�PRGHUDWH�LQWHQVLW\�DHURELF�H[HUFLVH�SURJUDP�ZLWK
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WUHPHQGRXV�UHVXOWV��H[FHHGLQJ�HIIHFWV�W\SLFDOO\�REVHUYHG�ZLWK�LQGLYLGXDO�DQG�JURXS�EDVHG�FRJQLWLYH�EHKDYLRUDO�WKHUDS\�IRU�2&'
EDVHG�RQ�OHDGLQJ�PHWD�DQDO\WLF�UHYLHZV�

'RSDPLQH��$GUHQDOLQH�DQG�(VWURJHQ�&207
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

&207�9���0�UV���� :LOG�7\SH�**

&207�UV���� :LOG�7\SH�&&

5HFDS

,PSURYHV�&207�*HQH�)XQFWLRQ��9LWDPLQ�&��PDJQHVLXP��DQG�FRSSHU��FRSSHU�VKRXOG
QRW�EH�WRR�ORZ�RU�WRR�KLJK�� �

'HFUHDVHV�*HQH�)XQFWLRQ��&KURQLF�VWUHVV��VXJDU��SURWRQ�SXPS�LQKLELWRUV��DVSDUWDPH�
ORZ�PDJQHVLXP�OHYHOV��ORZ�YLWDPLQ�&�OHYHOV��ORZ�DQG�KLJK�FRSSHU�OHYHOV�
FRQVWLSDWLRQ��[HQRHVWURJHQV��KLJK�KRPRF\VWHLQH�OHYHOV��KLJK�6$+�OHYHOV��HVWURJHQ�
EDVHG�PHGLFDWLRQV�DQG�PHUFXU\�WR[LFLW\�

'23$0,1(��$'5(1$/,1(�$1'�(6752*(1�&207

5HVHDUFK��&207��FDWHFKRODPLQH�PHWK\OWUDQVIHUDVH��VKDUHV�D�SDWKZD\�ZLWK�0$2�$�DQG�LV�WKH�JHQH�IRU�GRSDPLQH��HVWURJHQ�
DGUHQDOLQH�DQG�FDWHFKRODPLQH�PHWDEROLVP��7KLV�SDWKZD\�UHTXLUHV�PDJQHVLXP��YLWDPLQ�&�DQG�FRSSHU�DV�FR�IDFWRUV�

:KLOH�WKH�KRPR]\JRXV�JHQRW\SH�IRU�&207�9���0�LV�DVVRFLDWHG�ZLWK�VORZHU�HQ]\PDWLF�IXQFWLRQ�DQG�QDWXUDOO\�KLJKHU�GRSDPLQH
DQG�DGUHQDOLQH�OHYHOV��WKH�ZLOG�W\SH�&207�9���0�JHQH��**�UV������LV�DVVRFLDWHG�ZLWK�IDVWHU�HQ]\PDWLF�IXQFWLRQ��OHDGLQJ�WR
ORZHU�SUHIURQWDO�GRSDPLQH��DGUHQDOLQH�DQG�QRUHSLQHSKULQH�OHYHOV�

7KH�EHQHILWV�WR�WKH�**�JHQRW\SH�PD\�EH�D�EHWWHU�UHVSRQVH�WR�KLJK�SUHVVXUH�VLWXDWLRQV�DQG�WKH�DELOLW\�WR�EH�PRUH�HPRWLRQDOO\
UHVLOLHQW�DQG�FDOP�LQ�D�FULVLV��7KRVH�ZLWK�WKH�**�JHQRW\SH�PD\�HYHQ�WKULYH�PRUH�LQ�UHVSRQVH�WR�FHUWDLQ�VWUHVVRUV�DQG�KDYH
HQKDQFHG�FRJQLWLYH�SHUIRUPDQFH�GXH�WR�WKH�HOHYDWLRQ�RI�GRSDPLQH�DQG�DGUHQDOLQH�WR�PRUH�QRUPDO�OHYHOV�

7KH�GRZQVLGH�RI�WKH�**�JHQRW\SH�LV�WKDW�LW�FDQ�DIIHFW�H[HFXWLYH�IXQFWLRQ�DQG�SUREOHP�VROYLQJ�DELOLWLHV�FRPSDUHG�WR�WKH�$*�DQG
$$�JHQRW\SHV�RI�&207�9���0�LI�GRSDPLQH�UHPDLQV�ORZ��,QGLYLGXDOV�ZKR�KDG�WKH�**�JHQRW\SH�RI�&207�DQG�YDULDQWV�LQ
$1..��VKRZHG�WKH�ORZHVW�FRJQLWLYH�SHUIRUPDQFH��KRZHYHU��ERWK�JHQHV�FDQ�EH�LPSURYHG�E\�LQFUHDVLQJ�FDWHFKRODPLQH�LQWDNH�
PHGLWDWLRQ��EDODQFHG�EORRG�VXJDU��YLWDPLQ�'��RPHJD���IDWW\�DFLGV��ILEHU��KLJK�LQWHQVLW\�H[HUFLVH�DQG�ORZHU�PHGLD�H[SRVXUH�

6HYHUDO�VWXGLHV�KDYH�IRXQG�WKDW�WKH�&207�9���0�**�LQGLYLGXDOV�SHUIRUP�EHWWHU�WKDQ�WKRVH�ZLWK�WKH�$$�DOOHOH�RQ�WDVNV
GHPDQGLQJ�FRJQLWLYH�IOH[LELOLW\��ZKLOH�LQGLYLGXDOV�ZLWK�WKH�$$�DOOHOH�DUH�EHWWHU�DW�WDVNV�GHPDQGLQJ�IRFXVHG�DWWHQWLRQ��7KH
gLQYHUWHG�8h�K\SRWKHVLV�VXJJHVWV�WKDW�ZKHQ�GRSDPLQH�OHYHOV�DUH�HLWKHU�WRR�KLJK�RU�WRR�ORZ��FRJQLWLRQ�LV�DGYHUVHO\�DIIHFWHG�

,Q�D�VWXG\�RI�6ZHGLVK�PHQ�DQG�ZRPHQ�ZLWK�GHSUHVVLRQ��WKH�**�JHQRW\SH�DOVR�DSSHDUV�GHOHWHULRXV�ZLWK�D�WKUHH�IROG�LQFUHDVHG
ULVN�RI�ODWHU�FDUGLRYDVFXODU�GLVHDVH�FRPSDUHG�WR�WKRVH�QRQ�GHSUHVVHG�FDUU\LQJ�WKH�**�JHQRW\SH��7KH�ULVN�ZDV�KLJKHU�LQ�ZRPHQ
WKDQ�LQ�PHQ��$������PHWD�DQDO\VLV�IRXQG�WKDW�IRU�HDFK�FXS�RI�FRIIHH��GHSUHVVLRQ�ZDV�UHGXFHG�E\�����EHLQJ�PRVW�VLJQLILFDQW
ZKHQ�WKH�FDIIHLQH�FRQVXPSWLRQ�ZDV�DERYH����PJ�GD\�DQG�EHORZ�����PJ�GD\��'XH�WR�FRIIHH�DQG�FDIIHLQH
V�HIIHFW�RQ�&207
DQG�GRSDPLQH��WKLV�JHQRW\SH�ZLWK�GHSUHVVLRQ�PD\�EHQHILW�IURP�LQFUHDVHG�FRIIHH�LQWDNH��7KH�&<3�$��JHQH�IRU�FDIIHLQH
PHWDEROLVP�VKRXOG�DOVR�EH�UHYLHZHG�

6PDOO�VWXGLHV�KDYH�VKRZQ�WKDW�&DXFDVLDQ�FDUULHUV�RI�DW�OHDVW�RQH�*�DOOHOH�VKRZHG�D�JUHDWHU�HIIHFW�IRU�VRFLDO�IDFLOLWDWLRQ�DQG
FRRSHUDWLYHQHVV��ZRUNLQJ�WRJHWKHU�LQ�D�JURXS��WKDQ�WKH�$$�KRPR]\JRXV�JURXS�IRU�&207�9���0��,Q�ZRPHQ��WKH�**�JHQRW\SH
ZDV�FRQVLGHUHG�WR�EH�PRUH�KHOSIXO�DQG�HPSDWKHWLF��VRFLDOO\�WROHUDQW��FRPSDVVLRQDWH��DQG�SRWHQWLDOO\�PRUH�DOWUXLVWLF�

7KH�**�JHQRW\SH�KDV�DOVR�EHHQ�IRXQG�WR�KDYH�D�KLJKHU�WKUHVKROG�RI�SDLQ��,Q�D������VWXG\��WZHQW\�PLQXWHV�IROORZLQJ�H[SRVXUH
WR�FROG�VWUHVV��VXEMHFWV�ZLWK�WKH�**�JHQRW\SH�VKRZHG�D�ORZHU�ELRFKHPLFDO�VWUHVV�UHVSRQVH�UHODWLYH�WR�WKH�KRPR]\JRXV�$$
FDUULHUV�
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:KLOH�VWXGLHV�KDYH�KDG�PL[HG�UHVXOWV�ZLWK�$'+'�DQG�&207�JHQRW\SHV��UHVHDUFK�KDV�VKRZQ�WKDW�DPSKHWDPLQHV��$GGHUDOO�
HQKDQFHG�SUHIURQWDO�FRUWH[�IXQFWLRQ�DQG�LPSURYHG�ZRUNLQJ�PHPRU\�HIILFLHQF\�IRU�WKH�**��KLJK�&207�DFWLYLW\��VXEMHFWV��ZKLOH
DPSKHWDPLQH�SURGXFHG�DGYHUVH�HIIHFWV�XQGHU�KLJK�ZRUNLQJ�PHPRU\�ORDG�FRQGLWLRQV�IRU�KRPR]\JRXV�$$��ORZ�DFWLYLW\��VXEMHFWV�
$�VXEW\SH�RI�$'+'�LV�FKDUDFWHUL]HG�E\�ORZ�GRSDPLQH�OHYHOV�

7KHUH�DUH�GLHWDU\�VWUDWHJLHV�WKDW�QDWXUDOO\�VORZ�GRZQ�WKH�&207�HQ]\PH��&DWHFKRODPLQHV��FRIIHH��EODFN�WHD��JUHHQ�WHD��UHG
ZLQH��FKRFRODWH��FLWUXV��EDQDQDV��EHUULHV��DQG�YDQLOOD��DOO�KHOS�VORZ�GRZQ�&207��LQFUHDVLQJ�GRSDPLQH�DQG�DGUHQDOLQH��)RU�EUHDVW
FDQFHU�SUHYHQWLRQ��JUHHQ�WHD�KDV�EHHQ�IRXQG�WR�EH�EHQHILFLDO�LQ�WKH�$*�DQG�$$�JHQRW\SH��EXW�QRW�WKH�**�JHQRW\SH��7KLV�LV�GXH
WR�WKH�$*�DQG�$$�JHQRW\SH�UHWDLQLQJ�SRO\SKHQROV�WKH�ORQJHVW��7KHUHIRUH��WKH�**�JHQRW\SH�PD\�QHHG�D�KLJKHU�LQWDNH�RI�JUHHQ
WHD�WR�DFKLHYH�WKH�VDPH�EHQHILW�

&RIIHH�FDQ�LQFUHDVH�GRSDPLQH�FRQFHQWUDWLRQ��VLJQDOLQJ��DQG�UHFHSWRU�DYDLODELOLW\��SURYLQJ�YHU\�EHQHILFLDO�IRU�WKRVH�LQ�D�ORZHU
GRSDPLQH�VWDWH��5HVHDUFK�KDV�DOVR�IRXQG�WKDW�FRIIHH�GULQNHUV�KDYH�XS�WR�D�����ORZHU�ULVN�RI�3DUNLQVRQfV�GLVHDVH�OLNHO\�GXH�WR
LQFUHDVHG�GRSDPLQH�VLJQDOLQJ�LQ�WKH�EUDLQ�IURP�FDIIHLQH�

7KRVH�ZLWK�ORZHU�GRSDPLQH�DQG�DGUHQDOLQH�OHYHOV�DUH�DOVR�JRLQJ�WR�GR�EHWWHU�ZLWK�H[HUFLVH�WKDW�LQYROYHV�DQ�HOHPHQW�RI�ULVN
OLNH�VXUILQJ��VQRZERDUGLQJ��PRXQWDLQ�ELNLQJ��VNLLQJ��DQG�DWKOHWLF�FRPSHWLWLRQV�WR�PRGXODWH�KHDOWK\�GRSDPLQH�DQG�DGUHQDOLQH
FRQFHQWUDWLRQV��7KLV�UHTXLUHPHQW�PD\�EH�PRUH�UHOHYDQW�LQ�PHQ�GXH�WR�KLJKHU�HVWURJHQ�OHYHOV�LQ�ZRPHQ�VORZLQJ�GRZQ�&207�

'RSDPLQH�5HFHSWRUV�$1..�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

$1..��UV������� +HWHUR]\JRXV�$*

5HFDS

,PSURYHV�$1..��*HQH�)XQFWLRQ��0HGLWDWLRQ����KRXUV�RI�VOHHS�SHU�QLJKW��EDODQFHG
EORRG�VXJDU��YLWDPLQ�'��RPHJD���IDWW\�DFLGV��ILEHU��KLJK�LQWHQVLW\�H[HUFLVH�DQG�ORZHU
PHGLD�H[SRVXUH�

�
'HFUHDVHV�$1..��*HQH�)XQFWLRQ��/RZ�EORRG�VXJDU��UHILQHG�VXJDU��KLJK�IUXFWRVH
FRUQ�V\UXS��HOHYDWHG�OHDG�OHYHOV��HOHYDWHG�FRSSHU�OHYHOV��LURQ�GHILFLHQF\��RPHJD��
GHILFLHQF\��ORZ�YLWDPLQ�'�OHYHOV�DQG�H[FHVVLYH�PHGLD�H[SRVXUH�

'23$0,1(�5(&(37256�$1..�

5HVHDUFK��'RSDPLQH�LV�D�QHXURWUDQVPLWWHU�ZLWK�QXPHURXV�UROHV��LQFOXGLQJ�UHZDUG�PRWLYDWHG�EHKDYLRU�DQG�VRFLDO�EHKDYLRU�

'RSDPLQH�LV�LQYROYHG�LQ�WULDO�DQG�HUURU�OHDUQLQJ��9DULDQWV�LQ�JHQHV�UHODWHG�WR�GRSDPLQH�VLJQDOLQJ�PD\�DOVR�DIIHFW�D�SHUVRQfV
DELOLW\�WR�OHDUQ�

7KH�KHWHUR]\JRXV�$*�DQG�KRPR]\JRXV�$$�JHQRW\SHV�KDYH�EHHQ�FRUUHODWHG�ZLWK�XS�WR�D�����UHGXFWLRQ�LQ�GRSDPLQH�UHFHSWRUV
LQ�D�UHJLRQ�RI�WKH�EUDLQ�NQRZQ�DV�WKH�VWULDWXP��2QH�VPDOO�VWXG\�IRXQG�WKDW�SHRSOH�ZLWK�WKH�ZLOG�W\SH�**�JHQRW\SH�OHDUQHG�IURP
WKHLU�PLVWDNHV�HDVLO\��ZKLOH�SHRSOH�ZLWK�WKH�$*�RU�$$�JHQRW\SHV�ZHUH�PRUH�OLNHO\�QRW�WR�OHDUQ�IURP�WKHLU�PLVWDNHV�DQG�UHSHDW
EHKDYLRU�ZLWK�QHJDWLYH�FRQVHTXHQFHV�

7KRVH�ZLWK�VXJDU�DGGLFWLRQV��FRPSXOVLYH�HDWLQJ�DQG�REHVLW\�PD\�KDYH�V\VWHPV�WKDW�QHHG�PXFK�PRUH�VWLPXODWLRQ�WR�IHHO
SOHDVXUH�FDXVHG�E\�IHZHU�'��GRSDPLQH�UHFHSWRUV�DQG�WKH�QHHG�IRU�H[WUD�VWLPXODWLRQ�WR�PDNH�WKH�UHFHSWRUV�gWXUQ�RQ�h
)XQFWLRQDO�05,�VWXGLHV�RI�WHHQDJHUV��ERWK�OHDQ�DQG�REHVH��IRXQG�WKDW�WKH�WHHQDJHUV�ZKRVH�EUDLQV�GLGQfW�OLJKW�XS�DV�PXFK�LQ�WKH
GRSDPLQH�UHZDUG�FHQWHUV�ZHUH�PRUH�OLNHO\�WR�EH�REHVH�DQG�JDLQ�ZHLJKW�ODWHU��7KH\�DOVR�ZHUH�PRUH�OLNHO\�WR�KDYH�IHZHU
GRSDPLQH�UHFHSWRUV�

3RRU�GRSDPLQH�XSWDNH�PD\�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�REHVLW\��7KLV�UHODWLRQVKLS�ZDV�VLJQLILFDQWO\�VWURQJHU�LQ�ZRPHQ
ZLWK�D�KHWHUR]\JRXV�RU�KRPR]\JRXV�$��YDULDQW�LQ�UV���������7KH�g$h�FRUUHVSRQGV�WR�WKH�$��DOOHOH�DQG�WKH�g*h�LV�FDOOHG�WKH
$��DOOHOH��$��KHWHUR]\JRXV�RU�KRPR]\JRXV�ZRPHQ�KDG�ORZHU�GRSDPLQH�DFWLYDWLRQ�LQ�UHVSRQVH�WR�IRRG��DQG�WKHUHIRUH�JDLQHG
PRUH�ZHLJKW�SRWHQWLDOO\�GXH�WR�WKHLU�GLPLQLVKHG�SOHDVXUH�UHVSRQVH�IURP�GRSDPLQH�

)RXUWHHQ�VWXGLHV�LQYHVWLJDWHG�PLQGIXOQHVV�PHGLWDWLRQ�DV�WKH�SULPDU\�LQWHUYHQWLRQ�DQG�DVVHVVHG�ELQJH�HDWLQJ��HPRWLRQDO�HDWLQJ�
DQG�RU�ZHLJKW�FKDQJH��5HVXOWV�VXJJHVW�WKDW�PLQGIXOQHVV�PHGLWDWLRQ�HIIHFWLYHO\�GHFUHDVHV�ELQJH�HDWLQJ�DQG�HPRWLRQDO�HDWLQJ�LQ
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SRSXODWLRQV�HQJDJLQJ�LQ�WKLV�EHKDYLRU��+RZHYHU��HYLGHQFH�IRU�LWV�HIIHFW�RQ�ZHLJKW�LV�PL[HG�

5HVHDUFKHUV�IRXQG�WKDW�LQGLYLGXDOV�ZLWK�,QWHUQHW�DGGLFWLRQ�VKRZHG�UHGXFHG�OHYHOV�RI�GRSDPLQH�'��UHFHSWRU�DYDLODELOLW\�LQ
VXEGLYLVLRQV�RI�WKH�VWULDWXP��7KLV�KHOSV�H[SODLQ�WKH�XQLYHUVDO�L3KRQH�SKHQRPHQRQ�RI�DGGLFWLYH�UHZDUG�EHKDYLRU��ZLWK�H[FHVVLYH
XVH�GHFUHDVLQJ�GRSDPLQH�UHFHSWRUV�DQG�LQFUHDVLQJ�WKH�FUDYLQJ�IRU�PRUH�

7KH�JOREDO�VWDWLVWLFV�VKRZ�WKDW�DERXW����SHUFHQW�RI�WKH�ZRUOGfV�SRSXODWLRQ�KDV�$'+'��:KHQ�UHVHDUFKHUV�ORRNHG�VSHFLILFDOO\�DW
WHHQDJHUV�LQ�WKH�86��WKH\�IRXQG�WKH�GLDJQRVHV�KDG�ULVHQ����SHUFHQW�VLQFH�������$'+'�KDV�EHHQ�DVVRFLDWHG�ZLWK�GHFUHDVHG
GRSDPLQH�DFWLYLW\��$�PHWD�DQDO\VLV�RI����VWXGLHV�ZLWK������FDVHV�DQG������FRQWUROV�IRXQG�WKDW�YDULDQWV�LQ�UV��������PD\�EH
DVVRFLDWHG�ZLWK�$'+'�

6WXGLHV�KDYH�DOVR�IRXQG�WKDW�FKLOGUHQ�DQG�DGXOWV�ZLWK�$'+'�DUH�VLJQLILFDQWO\�PRUH�OLNHO\�WR�EH�RYHUZHLJKW��VKRZLQJ�WKH�VKDUHG
FRQQHFWLRQ�WR�GHFUHDVHG�GRSDPLQH�OHYHOV��7KH�KHDY\�PHWDO�OHDG�GLVUXSWV�WKH�GRSDPLQH�SDWKZD\��DQG����RXW�RI����VWXGLHV
IRXQG�D�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�EORRG�OHDG�OHYHOV�DQG�RQH�RI�WKH�W\SHV�RI�$'+'��&RPELQHG���,QDWWHQWLYH���+\SHUDFWLYH�
,PSXOVLYH���2WKHU�UHVHDUFK�KDV�VKRZQ�WKDW�LURQ�GHILFLHQF\�FDXVHV�D�UHGXFHG�QXPEHU�RI�GRSDPLQH�UHFHSWRUV��DQG�D�UHFHQW�VWXG\
IURP�WKH�$QQDOV�RI�0HGLFDO�DQG�+HDOWK�6FLHQFHV�5HVHDUFK�IRXQG�WKDW�ORZ�VHUXP�LURQ��IHUULWLQ�OHYHOV��DQG�YLWDPLQ�'�GHILFLHQF\
PD\�EH�DVVRFLDWHG�ZLWK�$'+'�

9LWDPLQ�&�LV�SURSRVHG�DV�D�QHXURPRGXODWRU�RI�JOXWDPDWH��GRSDPLQH��DFHW\OFKROLQH�DQG�*$%$�WUDQVPLVVLRQ�DQG�UHODWHG
EHKDYLRUV��2QH�VWXG\�VKRZHG�WKDW�IROORZLQJ�D�ORQJ�SHULRG�RI�YLWDPLQ�&�GHILFLHQF\��GHSUHVVHG�OHYHOV�RI�ERWK�GRSDPLQH�DQG
QRUHSLQHSKULQH�ZHUH�UHSRUWHG��9LWDPLQ�&�DOVR�UHGXFHV�EORRG�OHDG�OHYHOV�

0LQGIXOQHVV�WUDLQLQJ�PD\�LPSURYH�VHOI�UHJXODWLRQ�RI�DWWHQWLRQ��1HXURLPDJLQJ�VWXGLHV�VXJJHVW�WKDW�PLQGIXOQHVV�PHGLWDWLRQ
HQJHQGHUV�QHXURSODVWLF�FKDQJHV�LQ�EUDLQ�DUHDV�DVVRFLDWHG�ZLWK�DWWHQWLRQDO�IXQFWLRQLQJ�W\SLFDOO\�LPSDLUHG�LQ�$'+'��2QH�VWXG\
IRXQG�PHGLWDWLRQ�LQFUHDVHG�HQGRJHQRXV�GRSDPLQH�UHOHDVH�RI�����LQ�WKH�YHQWUDO�VWULDWXP�GXULQJ�PHGLWDWLRQ�

$QDQGDPLGH�)$$+
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

)$$+�UV������ :LOG�7\SH�&&

5HFDS

,PSURYHV�)$$+�*HQH�)XQFWLRQ��([HUFLVH�RYHU����PLQXWHV��UHG�FORYHU�WHD��ZRPHQ��
NDHPSIHURO��FDFDR��JHQLVWHLQ��IHUPHQWHG�VR\���(FKLQDFHD����K\GUR[\IODYRQH��SDUVOH\�
RQLRQV��EHUULHV��WHD��DQG�FLWUXV�IUXLWV�����FDU\RSK\OOHQH��FORYHV��URVHPDU\��KRSV��

� 'HFUHDVHV�)$$+�*HQH�)XQFWLRQ��3HVWLFLGHV�DQG�SKWKDODWHV�

$1$1'$0,'(�)$$+

$QDQGDPLGH�LV�D�QHXURWUDQVPLWWHU�DQG�HQGRJHQRXV�FDQQDELQRLG��DQG�LV�NQRZQ�DV�WKH�gEOLVVh�PROHFXOH�WKDW�WDUJHWV�WKH
HQGRFDQQDELQRLG�V\VWHP�

7KH�HQGRFDQQDELQRLG�V\VWHP�LV�LQYROYHG�LQ�PDQ\�SK\VLRORJLFDO�SURFHVVHV�LQFOXGLQJ�UHZDUG��DGGLFWLRQ��IHUWLOLW\��SDLQ�DQG�HQHUJ\
UHJXODWLRQ��7KLV�V\VWHP�ZDV�QDPHG�IURP�WKH�FDQQDELV�SODQW��VXFK�DV�PDULMXDQD�DQG�KHPS��7+&�FORVHO\�UHVHPEOHV�DQDQGDPLGH�

7KH�HQGRFDQQDELQRLGV�SOD\�D�VLJQLILFDQW�UROH�LQ�SDLQ�PRGXODWLRQ�DQG�LQIODPPDWLRQ��DQG�KDYH�EHHQ�GHPRQVWUDWHG�WR�UHOLHYH�SDLQ
E\�DFWLYDWLQJ�WKH�&%��DQG�&%��UHFHSWRUV�

7KH�ZLOG�W\SH�JHQRW\SH��&&��HQFRGHV�IRU�WKH�IDVW�DFWLYLW\�RI�)$$+��DQG�WKHUHIRUH�QDWXUDOO\�OHDGV�WR�ORZHU�DQDQGDPLGH�OHYHOV�
7KRVH�ZLWK�WKH�KRPR]\JRXV�JHQRW\SH��$$���KDYH�WKH�VORZ�DFWLYLW\�RI�)$$+�DQG�QDWXUDOO\�KLJKHU�OHYHOV�RI�DQDQGDPLGH��7KLV
PHDQV�WKDW�WKH�&&�LQGLYLGXDOV�PD\�KDYH�PRUH�DQ[LHW\�DQG�KDYH�WR�ZRUN�KDUGHU�WR�DFKLHYH�KLJKHU�OHYHOV�RI�KDSSLQHVV��ZKLOH�WKH
$$�LQGLYLGXDOV�KDYH�OHVV�DQ[LHW\�DQG�QDWXUDOO\�KLJKHU�OHYHOV�RI�WKH�gEOLVVh�PROHFXOH�WKDW�VWLPXODWH�IHHOLQJV�RI�KDSSLQHVV�

/RZ�OHYHOV�RI�DQDQGDPLGH�KDYH�EHHQ�OLQNHG�WR�VORZHU�H[WLQFWLRQ�RI�IHDU�PHPRULHV�DQG�D�KHLJKWHQHG�VWUHVV�UHVSRQVH�WR
WKUHDWHQLQJ�VLWXDWLRQV�WKDQ�WKRVH�ZLWK�KLJKHU�DQDQGDPLGH�OHYHOV��+HDOWK\�YROXQWHHUV�ZKR�FDUULHG�WKH�UV��������$��DOOHOH��ORZ
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)$$+�DFWLYLW\��KLJK�DQDQGDPLGH�OHYHOV��KDG�PXFK�OHVV�DP\JGDOD�DFWLYDWLRQ�ZKHQ�SODFHG�LQ�D�WKUHDWHQLQJ�VLWXDWLRQ��7KH\�DOVR
KDG�D�ZHDNHU�FRUUHODWLRQ�EHWZHHQ�DP\JGDOD�DFWLYDWLRQ�DQG�WUDLW�DQ[LHW\��ZKLFK�LV�D�JHQHUDO�WHQGHQF\�WR�SHUFHLYH�VLWXDWLRQV�WR
EH�WKUHDWHQLQJ�DQG�WR�UHVSRQG�WR�VXFK�VLWXDWLRQV�ZLWK�VXEMHFWLYH�IHHOLQJV�RI�DSSUHKHQVLRQ�DQG�WHQVLRQ�

3HVWLFLGHV�VXFK�DV�FKORUS\ULIRV�DQG�GLD]LQRQ�DOWHU�WKH�HQGRFDQQDELQRG�V\VWHP�DQG�UHVHDUFKHUV�KDYH�K\SRWKHVL]HG�WKDW�HDWLQJ
RUJDQLF�IRRGV�ODFNLQJ�SHVWLFLGH�UHVLGXHV�PD\�SURPRWH�HQGRFDQQDELQRLG�EDODQFH��3KWKDODWHV�DUH�SODVWLFL]HUV�DGGHG�WR�ZDWHU
ERWWOHV��WLQ�FDQV��IRRG�SDFNDJLQJ��DQG�HYHQ�WKH�HQWHULF�FRDWLQJ�RI�SKDUPDFHXWLFDO�SLOOV��3KWKDODWHV�PD\�DFW�DV�HQGRFULQH
GLVUXSWRUV�DQG�FDUFLQRJHQV��DQG�KDYH�EHHQ�IRXQG�WR�EORFN�&%��UHFHSWRUV��IRXQG�LQ�WKH�EUDLQ�

+RZHYHU��WKHUH�DUH�DOVR�ZD\V�IRU�SHRSOH�WR�ORZHU�H[FHVVLYH�OHYHOV�RI�FKURQLF�VWUHVV�DQG�DQ[LHW\�E\�LQFUHDVLQJ�DQDQGDPLGH
OHYHOV�LQ�WKH�ERG\��2QH�RI�EHVW�ZD\V�WR�GR�WKLV�LV�ZLWK�H[HUFLVH��(QGRUSKLQV��HQGRJHQRXV�RSLRLGV��HQKDQFH�WKH�HIIHFWV�RI
FDQQDELQRLGV�DQG�ZKDW�KDV�EHHQ�NQRZQ�DV�WKH�gUXQQHUfV�KLJKh�PD\�LQ�IDFW�EH�WKH�LQFUHDVH�RI�DQDQGDPLGH��5HVHDUFK�IRXQG�WKDW
UXQQLQJ�DQG�ELNLQJ�RYHU����PLQXWHV��DORQJ�ZLWK�VWUHQXRXV�KLNLQJ�DW�KLJK�DOWLWXGH�VLJQLILFDQWO\�LQFUHDVHG�DQDQGDPLGH�

&OLQLFDO�DQHFGRWHV�VXJJHVW�WKDW�VWUHVV�UHGXFWLRQ�WHFKQLTXHV��VXFK�DV�PHGLWDWLRQ��\RJD��DQG�GHHS�EUHDWKLQJ�H[HUFLVHV�LPSDUW
PLOG�FDQQDELPLPHWLF�HIIHFWV�

%UDLQ�+HDOWK�3(07
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

3(07�UV���� +RPR]\JRXV�77

3(07�UV�������� +RPR]\JRXV�**

5HFDS

,PSURYHV�3(07�*HQH�)XQFWLRQ��&KROLQH��YLWDPLQ�&��DQG�HVWURJHQ� � 'HFUHDVHV�*HQH�)XQFWLRQ��1LJKWWLPH�SDLQ�UHOLHYHUV��DQWLKLVWDPLQHV��VOHHS�DLGV�
DQWLGHSUHVVDQWV��LQFRQWLQHQFH�GUXJV�DQG�QDUFRWLF�SDLQ�UHOLHYHUV�

%5$,1�+($/7+�3(07

5HVHDUFK��&KROLQH�LV�UHTXLUHG�IRU�DFHW\OFKROLQH��D�QHXURWUDQVPLWWHU�RI�WKH�YDJXV�QHUYH�WKDW�LQQHUYDWHV�PXOWLSOH�RUJDQV�LQFOXGLQJ
WKH�OXQJV��KHDUW��OLYHU��VWRPDFK��RYDULHV��DQG�WHPSRUDO�OREH�RI�WKH�EUDLQ��$�GHILFLHQF\�FRXOG�DIIHFW�DOO�RI�WKHVH��HVSHFLDOO\
PHPRU\��$FHW\OFKROLQH�DOVR�SOD\V�D�UROH�LQ�SURPRWLQJ�5(0�VOHHS�

+DYLQJ�RQH�RU�PRUH�7�DOOHOHV�DW�UV�����LV�DVVRFLDWHG�ZLWK�KDYLQJ�ORZHU�SKRVSKDWLG\OFKROLQH�SURGXFWLRQ�LQ�WKH�OLYHU�

(LJKW\�SHUFHQW�RI�WKH�ZRPHQ�ZKR�ZHUH�KRPR]\JRXV�IRU�WKH�UV���������613�PDQLIHVWHG�VLJQV�RI�FKROLQH�GHSOHWLRQ��OLYHU�RU
PXVFOH�G\VIXQFWLRQ���UHODWLYH�WR�����RI�VXEMHFWV�FDUU\LQJ�RQH�FRS\�RI�WKH�YDULDQW�DOOHOH�DQG�����RI�VXEMHFWV�ZLWKRXW�WKH�613�

9LWDPLQ�&�KDV�EHHQ�VKRZQ�WR�LQGXFH�WKH�UHOHDVH�RI�DFHW\OFKROLQH�IURP�V\QDSWLF�YHVLFOHV�RI�QHXURQV�DQG�LQFUHDVH�DFHW\OFKROLQH
OHYHOV�LQ�WKH�EUDLQ�

3RVVLEOH�GUXJV�WKDW�FDQ�FDXVH�PHPRU\�ORVV�LQFOXGH�DQWLGHSUHVVDQWV��DQWLKLVWDPLQHV��DQWL�DQ[LHW\�PHGLFDWLRQV��DQWL�VHL]XUH
GUXJV��PXVFOH�UHOD[DQWV��WUDQTXLOL]HUV��VOHHSLQJ�SLOOV��DQG�SDLQ�PHGLFDWLRQV�JLYHQ�DIWHU�VXUJHU\��:K\"�7KH�PDMRULW\�RI�WKHVH�DUH
LQ�D�FODVV�FDOOHG�DQWLFKROLQHUJLF�GUXJV�DQG�EORFN�DFHW\OFKROLQH�

$�)UHQFK�VWXG\�ORRNLQJ�DW�������ZRPHQ�DQG�������PHQ�WKDW�UHSRUWHG�WDNLQJ�DQWLFKROLQHUJLF�GUXJV�VKRZHG�D�JUHDWHU�GHFOLQH
RYHU�IRXU�\HDUV�LQ�YHUEDO�IOXHQF\�VFRUHV�DQG�LQ�JOREDO�FRJQLWLYH�IXQFWLRQLQJ�WKDQ�ZRPHQ�QRW�XVLQJ�DQWLFKROLQHUJLF�GUXJV��,Q�PHQ�
DQ�DVVRFLDWLRQ�ZDV�IRXQG�ZLWK�D�GHFOLQH�LQ�YLVXDO�PHPRU\�DQG�WR�D�OHVVHU�H[WHQW�LQ�H[HFXWLYH�IXQFWLRQ��6LJQLILFDQW�LQWHUDFWLRQV
ZHUH�REVHUYHG�LQ�ZRPHQ�EHWZHHQ�DQWLFKROLQHUJLF�XVH�DQG�DJH��$32(�JHQRW\SH��RU�KRUPRQH�UHSODFHPHQW�WKHUDS\��$
VLJQLILFDQWO\����e��IROG�KLJKHU�ULVN�RI�FRJQLWLYH�GHFOLQH�ZDV�REVHUYHG�IRU�FRQWLQXRXV�DQWLFKROLQHUJLF�XVHUV�
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7KHVH�GUXJV�FRXOG�EH�HVSHFLDOO\�WKHRUHWLFDOO\�SUREOHPDWLF�IRU�WKRVH�ZLWK�SRRU�3(07�IXQFWLRQ��ORZ�HVWURJHQ��LQ�ZRPHQ��DQG�D
IDPLO\�KLVWRU\�RI�GHPHQWLD�DQG�$O]KHLPHU
V�GLVHDVH�

5HVHDUFK�VKRZV�WKDW�RQO\�����RI�ZRPHQ�JHW�HQRXJK�FKROLQH��DQG�RQH�VWXG\�IRXQG�WKDW�WKRVH�ZLWK�ORZHVW�FKROLQH�KDYH�WKH
KLJKHVW�DQ[LHW\�

*OXWDPDWH�%'1)
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

%'1)�UV���� +RPR]\JRXV�77

5HFDS

,PSURYHV�%'1)�*HQH�)XQFWLRQ��5XQQLQJ��'+$��PLON�WKLVWOH��JUHHQ�WHD��ORZ�JO\FHPLF
GLHW��QRUPDO�OHYHOV�RI�JOXWDPDWH��OLWKLXP��DFHW\OFKROLQH��VXQOLJKW�DQG�KHDW�H[SRVXUH�
ELILGREDFWHULXP�ORQJXP��LQWHUPLWWHQW�IDVWLQJ��WXUPHULF��WHVWRVWHURQH�DQG�HVWUDGLRO
�ZRPHQ��

� 'HFUHDVHV�%'1)�*HQH�)XQFWLRQ��&KURQLF�VWUHVV��KLJK�EORRG�VXJDU�DQG�KHDG�LQMXULHV�

*/87$0$7(�%'1)

5HVHDUFK��%'1)��EUDLQ�GHULYHG�QHXURWURSKLF�IDFWRU��LV�WKH�PRVW�LPSRUWDQW�SURWHLQ�DEXQGDQWO\�H[SUHVVHG�LQ�EUDLQ�IXQFWLRQV
UHODWHG�WR�UHSDLU��VSDWLDO�OHDUQLQJ��HSLVRGLF�PHPRU\��DQG�DGDSWDELOLW\�

%'1)�LV�D�V\QDSWLF�PRGXODWRU�RI�JOXWDPDWH�ZKLOH�*$%$�V\QDSVHV�DUH�DOVR�UHJXODWHG�E\�%'1)��7KHUHIRUH��%'1)�UHJXODWHV
JOXWDPDWH�UHOHDVH�DQG�UHJXODWHV�JOXWDPDWH�UHFHSWRU�IXQFWLRQ��&KURQLF�VWUHVV�OHDGV�WR�GHFUHDVHG�%'1)�H[SUHVVLRQ�LQ�WKH
KLSSRFDPSXV��OHDGLQJ�WR�HQKDQFHG�DQ[LHW\�UHODWHG�EHKDYLRUV�

7KHUH�LV�EXLOGLQJ�HYLGHQFH�WKDW�VKRZV�LPSDLUHG�JOXWDPDWH�V\QDSVHV�ZKHUH�FRPSURPLVHG�%'1)�IXQFWLRQ�KDV�EHHQ�REVHUYHG
VXFK�DV�$O]KHLPHUfV��3DUNLQVRQfV��+XQWLQJWRQ
V�GLVHDVH��GHSUHVVLRQ��ELSRODU�GLVRUGHU��PLJUDLQHV��DQG�DQ[LHW\�ZLWK�WKH�%'1)
SRO\PRUSKLVP�9DO��0HW��,W�VKRXOG�EH�QRWHG�WKDW�D������PHWD�DQDO\VLV�GLG�QRW�ILQG�D�FRUUHODWLRQ�ZLWK�%'1)�YDO��PHW�DQG
$O]KHLPHUfV�GLVHDVH�

%'1)�LV�SUHVHQW�LQ�PDQ\�UHJLRQV�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP��LQFOXGLQJ�WKH�KLSSRFDPSXV��FHUHEUDO�FRUWH[��FHUHEHOOXP�
K\SRWKDODPXV��VXEVWDQWLD�QLJUD��DP\JGDOD��DQG�VSLQDO�FRUG��7KH�&7�DQG�77�JHQRW\SHV�KDYH�ORZHU�VHFUHWLRQ�DQG�EORRG�OHYHOV�RI
%'1)�DQG�UHVHDUFK�VXJJHVWV�WKDW�XSUHJXODWLQJ�%'1)�DFWLYDWHG�SDWKZD\V�PD\�EH�WKHUDSHXWLFDOO\�UHOHYDQW�

(YLGHQFH�VXJJHVWV�WKDW�D�GHFUHDVH�LQ�KLSSRFDPSDO�%'1)�PD\�DFFRXQW�IRU�WKH�FRJQLWLYH�GHILFLWV�DQG�WKH�LPSDLUPHQW�RI�PHPRU\
LQ�GHSUHVVLRQ�DQG�DQ[LHW\�GLVRUGHUV��$QRWKHU�VWXG\�ZLWK�GHSUHVVHG�SDWLHQWV�ZLWK�%'1)�SRO\PRUSKLVPV�IRXQG�WKDW�WKH
LQGLYLGXDOV�ZLWK�KHWHUR]\JRXV�RU�KRPR]\JRXV�JHQRW\SHV�ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�VXLFLGDO
EHKDYLRU�

$������DQG������VWXG\�IRXQG�WKDW�HSLVRGLF�PHPRU\�LPSURYHV�DV�PD[LPDO�R[\JHQ�FDSDFLW\�LQFUHDVHV��$HURELF�DFWLYLW\�LQGXFHV�D
VWUXFWXUDO�FKDQJH�LQ�KLSSRFDPSDO�YROXPH�DQG�YDVFXODWXUH��UHVSRQVLEOH�IRU�HSLVRGLF�PHPRU\��,W�LV�WKH�KLSSRFDPSXV�WKDW�GLVSOD\V
GUDPDWLF�YROXPH�FKDQJHV�LQ�GLVHDVH�VWDWHV�VXFK�DV�$O]KHLPHUfV�GLVHDVH�DQG�GHSUHVVLRQ�

0LFH�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�KRUPRQH�LULVLQ�LV�JHQHUDWHG�E\�WKH�PXVFOHV�GXULQJ�HQGXUDQFH�H[HUFLVH�DQG�LV�UHVSRQVLEOH�IRU
SURGXFLQJ�%'1)��)XUWKHU�UHVHDUFK�KDV�IRXQG�WKDW�UXQQLQJ�SURGXFHV�D�KLJKHU�OHYHO�RI�QHXURJHQHVLV�FRPSDUHG�WR�UHVLVWDQFH
WUDLQLQJ�DQG�KLJK�LQWHQVLW\�WUDLQLQJ�

([HUFLVH�KDV�EHHQ�VKRZQ�WR�FDXVH�D�ULVH�LQ�VHUXP�%'1)�DQG�LV�HVSHFLDOO\�HQKDQFHG�LQ�WKH�KHDW��6LQFH�SHUPHDELOLW\�RI�WKH
EORRG�EUDLQ�EDUULHU�LQFUHDVHV�ZLWK�H[HUFLVH�LQ�WKH�KHDW��WKH�K\SRWKHVLV�ZDV�UDLVHG�WKDW�WKLV�FDXVHV�D�KLJKHU�FHUHEUDO�RXWSXW�RI
%'1)�

5HVHDUFK�DOVR�IRXQG�WKDW�%'1)�OHYHOV�DUH�HTXDOO\�GHFUHDVHG�LQ�ELSRODU�GLVRUGHU�GXULQJ�WKH�RFFXUUHQFH�RI�PDQLF�DQG�GHSUHVVLYH
HSLVRGHV��$Q�LQWHUHVWLQJ�FRQQHFWLRQ�KHUH�LV�WKDW�ZKHQ�JOXWDPDWH�SOXPPHWV��GHSUHVVLRQ�RFFXUV��:KHQ�JOXWDPDWH�VSLNHV��PDQLD
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RFFXUV��,I�%'1)�LV�VXSSUHVVHG��JOXWDPDWH�PRGXODWLRQ�LV�FRPSURPLVHG�

$Q�H[DPSOH�RI�ORZ�JOXWDPDWH�FDQ�EH�VHHQ�LQ�IHPDOH�SDWLHQWV�ZLWK�GHSUHVVLRQ�WKDW�KDYH�EHHQ�IRXQG�WR�KDYH�DEQRUPDOO\�KLJK
H[SUHVVLRQ�OHYHOV�RI�PDQ\�JHQHV�WKDW�UHJXODWH�WKH�JOXWDPDWH�V\VWHP��5HFHQW�VWXGLHV�IRXQG�WKDW�D�ORZ�GRVH�RI�WKH�GUXJ
NHWDPLQH��ZKLFK�DOWHUV�JOXWDPDWH�V\VWHP�DFWLYLW\��FDQ�UDSLGO\�HOLPLQDWH�GHSUHVVLRQ�LQ�WZR�WKLUGV�RI�SDWLHQWV�ZKR�GR�QRW
UHVSRQG�WR�FRQYHQWLRQDO�DQWLGHSUHVVDQWV��&RQYHQWLRQDO�DQWLGHSUHVVDQWV�WDUJHW�WKH�PRQRDPLQH��0$2��V\VWHPV��ZKLFK�VHFUHWH
WKH�QHXURWUDQVPLWWHUV�GRSDPLQH��VHURWRQLQ�RU�QRUHSLQHSKULQH�

,Q�D������VWXG\�RI�����VROGLHUV��WKRVH�ZLWK�WKH�%'1)�0HW�0HW�JHQRW\SH��KRPR]\JRXV�77��������SHUFHQW�KDG�D�KLVWRU\�RI�RQH
RU�PRUH�SULRU�FRQFXVVLRQV��FRPSDUHG�ZLWK������SHUFHQW�RI�WKRVH�ZLWK�RWKHU�%'1)�JHQRW\SHV��7KRVH�ZLWK�WKH�%'1)�0HW�0HW
JHQRW\SH�DOVR�UHSRUWHG�JUHDWHU�DJJUHVVLRQ�DQG�KRVWLOH�SHUVRQDOLW\�FKDUDFWHULVWLFV��:KHQ�FRPELQHG�LQ�D�SUHGLFWLYH�PRGHO��SULRU
PLOLWDU\�GHSOR\PHQWV��EHLQJ�PDOH��DQG�KDYLQJ�WKH�%'1)�0HW�0HW�JHQRW\SH�ZHUH�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG
OLIHWLPH�KLVWRU\�RI�FRQFXVVLRQV�LQ�DFWLYH�GXW\�VROGLHUV�

/RZ�OHYHOV�RI�%'1)�KDYH�EHHQ�VKRZQ�LQ�UHVHDUFK�WR�FDXVH�LPSDLUHG�JOXFRVH�PHWDEROLVP��KLJKOLJKWLQJ�WKH�EORRG�VXJDU
FRQQHFWLRQ�RI�7\SH���GLDEHWHV�WR�GHPHQWLD�DQG�GHSUHVVLRQ�LQ�HSLGHPLRORJLFDO�VWXGLHV��2WKHU�VWXGLHV�KDYH�IRXQG�KLJK�%'1)
OHYHOV�LQ�WKRVH�ZKR�DOUHDG\�KDYH�7\SH���GLDEHWHV��ZLWK�UHVHDUFKHUV�K\SRWKHVL]LQJ�WKDW�%'1)�WULHV�WR�RYHUFRPSHQVDWH�WR�UHGXFH
LQVXOLQ�DQG�JOXFRVH�OHYHOV��DV�KDV�EHHQ�IRXQG�ZKHQ�%'1)�LV�LQMHFWHG�LQWR�GLDEHWLF�UDWV��

:KHQ�UHYLHZLQJ�\RXU�JHQHWLF�DQDO\VLV��LW�LV�LPSRUWDQW�WR�DOVR�ORRN�DW�WKH�JHQHV���+7�$��3(07��&<3�5���$32(��*$'��
6/&��$���7&)�/���)$'6���)$'6��DQG�7&1��WR�VHH�KRZ�%'1)�LV�PRVW�DIIHFWHG��DQG�ZKHUH�\RX�QHHG�WR�IRFXV�PRVW
QXWULWLRQDOO\�

*OXWDPDWH�7UDQVSRUW�6/&��$�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

6/&��$��UV�������� +RPR]\JRXV�**

5HFDS

,PSURYHV�6/&��$��*HQH�)XQFWLRQ��=LQF��RPHJD���IDWW\�DFLGV��(3$�DQG�'+$���OLRQfV
PDQH�PXVKURRP��%���OLWKLXP��PDJQHVLXP��%���IRODWH��%����YLWDPLQ�&��PHODWRQLQ�
FKROLQH��YLWDPLQ�'�DQG�H[HUFLVH�

� 'HFUHDVHV�6/&��$��*HQH�)XQFWLRQ��+HDG�LQMXULHV

*/87$0$7(�75$163257�6/&��$�

5HVHDUFK��3RO\PRUSKLVPV�LQ�6/&��$��DUH�DVVRFLDWHG�ZLWK�GHOD\HG�UHFRYHU\�WLPH�IURP�KHDG�LQMXULHV��7KH�K\SRWKHVLV�IRU�WKLV�LV
WKDW�YDULDQWV�LQ�WKLV�JHQH�UHGXFH�JOXWDPDWH�WUDQVSRUW��ZKLFK�OHDGV�WR�KLJK�FRQFHQWUDWLRQV�RI�JOXWDPDWH�ZLWKLQ�WKH�V\QDSWLF�FOHIW
DIWHU�WUDXPD�

*OXWDPDWH�LV�WKH�SULPDU\�H[FLWDWRU\�QHXURWUDQVPLWWHU�LQ�WKH�EUDLQ��ZKLOH�*$%$�LV�WKH�SULQFLSDO�LQKLELWRU\��UHOD[LQJ�
QHXURWUDQVPLWWHU��)ROORZLQJ�D�KHDG�LQMXU\��KLJK�JOXWDPDWH�UHOHDVH�LV�UHVSRQVLEOH�IRU�H[FLWRWR[LFLW\�WKDW�OHDGV�WR�QHXURQDO�LQMXU\�
PLWRFKRQGULDO�G\VIXQFWLRQ�DQG�G\VIXQFWLRQ�RI�VXUYLYLQJ�QHXURQV��7KH�ORVV�RI�*$%$�SURGXFLQJ�FHOOV�GLVUXSWV�WKH�EDODQFH�RI
H[FLWDWLRQ�DQG�LQKLELWLRQ�OHDGLQJ�WR�IXUWKHU�FHOO�LQMXU\��7KLV�JOXWDPDWH�WR[LFLW\�VHHQ�LQ�EUDLQ�LQMXULHV�LV�DOVR�WKH�SURFHVV�VKDUHG�LQ
HSLOHSV\�DQG�QHXURGHJHQHUDWLYH�GLVRUGHUV��7KHUHIRUH��D�JRDO�VKRXOG�EH�WR�UHVWRUH�QRUPDO�JOXWDPDWH�DQG�*$%$�IXQFWLRQ�IRU�D
KHDG�LQMXU\�UHFRYHU\�SURWRFRO�

2QH�VWXG\�LQ������WRRN�VDOLYD�VDPSOHV�IURP����DWKOHWHV�GLDJQRVHG�ZLWK�D�VSRUW�UHODWHG�FRQFXVVLRQ�E\�D�SK\VLFLDQ��$Q
DVVRFLDWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�QRUPDO�JHQRW\SH�RI�6/&��$��DQG�UHFRYHU\��ZKHUH�WKRVH�FDUU\LQJ�WKH�PLQRU�*�DOOHOH�ZHUH
�����WLPHV�PRUH�OLNHO\�WR�H[SHULHQFH�SURORQJHG�UHFRYHU\�UDWHV�H[FHHGLQJ����GD\V��7KRVH�FDUU\LQJ�WKH�**�JHQRW\SH�KDG�ZRUVH
PRWRU�VSHHG�VFRUHV�XSRQ�LQLWLDO�DVVHVVPHQW�FRPSDUHG�WR�ERWK�KHWHUR]\JRXV��&*��DQG�KRPR]\JRXV��&&��JHQRW\SHV��%DVHG
XSRQ�WKHVH�ILQGLQJV��UV���������LV�D�SRWHQWLDO�SUHGLFWLYH�JHQHWLF�PDUNHU�IRU�LGHQWLI\LQJ�DWKOHWHV�ZKR�DUH�PRUH�VXVFHSWLEOH�IRU
DOWHUHG�UHFRYHU\�WLPHV�DQG�ZRUVH�PRWRU�VSHHG�VFRUHV�DIWHU�VSRUW�UHODWHG�FRQFXVVLRQ�

7KH�PDMRULW\�RI�WUDXPDWLF�EUDLQ�LQMXULHV��7%,��FDVHV�FDQ�EH�DWWULEXWHG�WR�PRWRU�YHKLFOH�DFFLGHQWV��PRWRUF\FOH�DFFLGHQWV��ELF\FOH
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DFFLGHQWV��DQG�SHGHVWULDQ�LQMXULHV��,W�LV�DOVR�D�PDMRU�FRQFHUQ�LQ�FRQWDFW�VSRUWV�

,Q�IRRWEDOO�DQG�KRFNH\��WKH�QXPEHU�RI�DFWXDO�FRQFXVVLRQV�LV�VL[�RU�VHYHQ�WLPHV�KLJKHU�WKDQ�WKH�QXPEHU�GLDJQRVHG�
$SSUR[LPDWHO\����SHUFHQW�RI�IRRWEDOO�SOD\HUV�DQG����SHUFHQW�RI�VRFFHU�SOD\HUV�JHW�DW�OHDVW�RQH�FRQFXVVLRQ�SHU�\HDU�

,Q�D�VWXG\�RI�1RUZHJLDQ�VRFFHU�SOD\HUV�����SHUFHQW�KDG�DQ�LPSDLUPHQW�RI�DWWHQWLRQ��FRQFHQWUDWLRQ��PHPRU\��DQG�MXGJPHQW
UDQJLQJ�IURP�PLOG�WR�VHYHUH�

$�VWXG\�IURP�WKH�$UFKLYHV�RI�3HGLDWULFV�	�$GROHVFHQW�0HGLFLQH�IRXQG�WKDW�FKLOGUHQ�ZKR�VXIIHU�FRQFXVVLRQV�PD\�H[SHULHQFH
OLQJHULQJ�SUREOHPV�ZLWK�PHPRU\�DQG�DWWHQWLRQ��HYHQ����PRQWKV�DIWHU�WKH�LQMXU\�

+XPDQ�FOLQLFDO�GDWD�VXJJHVWV�WKDW�VXSSOHPHQWDO�]LQF�FDQ�EH�XVHG�GXULQJ�UHFRYHU\�WR�LPSURYH�FRJQLWLYH�DQG�EHKDYLRUDO�GHILFLWV
DVVRFLDWHG�ZLWK�EUDLQ�LQMXU\��$GGLWLRQDOO\��SUH�FOLQLFDO�PRGHOV�VXJJHVW�WKDW�]LQF�PD\�LQFUHDVH�UHVLOLHQFH�WR�WUDXPDWLF�EUDLQ�LQMXU\�
PDNLQJ�LW�SRWHQWLDOO\�XVHIXO�LQ�SRSXODWLRQV�DW�ULVN�IRU�LQMXU\��,W�ZRXOG�DSSHDU�WKDW�WKLV�LV�HVSHFLDOO\�WUXH�IRU�LQMXULHV�WR�WKH
WHPSRUDO�OREH�

$�-XO\�SXEOLFDWLRQ�RI�7KH�-RXUQDO�RI�1HXURVXUJHU\�IRXQG�WKDW�VXSSOHPHQWLQJ�UDWV�ZLWK�(3$�'+$�ILVK�RLO�DIWHU�KHDG�LQMXULHV
UHGXFHG�WKH�REVHUYHG�LVVXHV�ZLWK�D�FRQFXVVLRQ��g$QLPDOV�UHFHLYLQJ�WKH�GDLO\�ILVK�RLO�VXSSOHPHQW�IRU����GD\V�SRVW�
FRQFXVVLRQ�KDG�D�JUHDWHU�WKDQ����SHUFHQW�UHGXFWLRQ�LQ�EUDLQ�GDPDJH�FRPSDUHG�ZLWK�WKH�DQLPDOV�WKDW�GLG�QRW�UHFHLYH�WKH
VXSSOHPHQW��,W�LV�K\SRWKHVL]HG�WKDW�WKH�RPHJD���IDWW\�DFLGV�LQ�WKH�ILVK�RLO�UHGXFHG�WKH�QHXUDO�LQIODPPDWLRQ�LQGXFHG�E\�WKH
FRQFXVVLRQ�LQMXU\�h

&XUUHQW�VWXGLHV�VXJJHVW�WKDW�R[LGDWLYH�VWUHVV�ODVWV�DW�OHDVW����KRXUV�DIWHU�D�WUDXPDWLF�EUDLQ�LQMXU\�DQG�WKDW�DQWLR[LGDQW�UHVHUYHV
OLNH�YLWDPLQ�&�DUH�VHYHUHO\�FRPSURPLVHG��9LWDPLQ�&�KDV�EHHQ�VKRZQ�WR�SUHYHQW�H[FLWRWR[LF�GDPDJH�FDXVHG�E\�H[FHVVLYH
H[WUDFHOOXODU�JOXWDPDWH�DQG�LQFUHDVH�*$%$�UHFHSWRU�IXQFWLRQ�

$Q�DQLPDO�VWXG\�IRXQG�WKDW�WKDW�YLWDPLQ�'��PD\�SOD\�D�UROH�LQ�PHFKDQLVPV�UHOHYDQW�WR�SURWHFWLYH�SURSHUWLHV�DJDLQVW�WKH
QHXURWR[LFLW\�RI�JOXWDPDWH�WKURXJK�XSUHJXODWLRQ�RI�9'5�H[SUHVVLRQ�

6WXGLHV�VKRZ�WKDW�EUDLQ�PDJQHVLXP�OHYHOV�IDOO�����IRU���GD\V�DIWHU�LQMXU\�WR�WKH�&16��6WXGLHV�RI�ERWK�DQLPDO�DQG�KXPDQ�EUDLQ
WUDXPD�YLFWLPV�VXJJHVW�KLJKHU�PDJQHVLXP�OHYHOV�DUH�DVVRFLDWHG�ZLWK�EHWWHU�UHFRYHU\��3RVW�WUDXPDWLF�DGPLQLVWUDWLRQ�RI
PDJQHVLXP�WR�UHVWRUH�QRUPDO�PDJQHVLXP�KRPHRVWDVLV�UHGXFHV�QHXURQDO�FHOO�GHDWK�DQG�LQFUHDVHV�WKH�OLNHOLKRRG�RI�UHFRYHU\�

0HODWRQLQ�KDV�EHHQ�HYDOXDWHG�WR�EH�HIIHFWLYH�LQ�7%,�ZKHUH�LW�LPSURYHV�PRRG�DQG�EHKDYLRU��GHFUHDVHV�EUDLQ�HGHPD��GHFUHDVHV
LQWUDFUDQLDO�SUHVVXUH�DQG�VLJQLILFDQWO\�LQFUHDVHG�VXSHUR[LGH�GLVPXWDVH�DQG�JOXWDWKLRQH�SHUR[LGDVH��ERWK�UHGXFH�LQIODPPDWLRQ��

8QLYHUVLW\�RI�%XIIDOR�UHVHDUFKHUV�SXEOLVKHG�D�VWXG\�LQ�WKH�&OLQLFDO�-RXUQDO�RI�6SRUWV�0HGLFLQH�WKDW�LQGLYLGXDOL]HG�H[HUFLVH
SURJUDPV�MXVW�EHORZ�WKH�RQVHW�RI�V\PSWRPV�LV�VDIH�DQG�FDQ�UHOLHYH�QHDUO\�DOO�SRVW��FRQFXVVLRQ�V\PSWRPV��7KH�DWKOHWHV�ZKR
H[HUFLVHG�UHWXUQHG�WR�QRUPDO�ZLWKLQ����WR����GD\V��ZKLOH�WKRVH�ZKR�GLG�QRW�H[HUFLVH�UHTXLUHG����WR�����GD\V�RI�LQWHUYHQWLRQ�

3OHDVH�UHYLHZ�%'1)�DQG�$32(�JHQRW\SHV�IRU�D�PRUH�GHWDLOHG�DVVHVVPHQW�RI�KHDG�LQMXU\�UHFRYHU\�

*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

0$2�$
0$2�$��0RQRDPLQH�R[LGDVH

$��LV�D�FULWLFDO�HQ]\PH�LQYROYHG
LQ�EUHDNLQJ�GRZQ�LPSRUWDQW
QHXURWUDQVPLWWHUV�VXFK�DV

VHURWRQLQ��HVWURJHQ�
QRUHSLQHSKULQH��DQG

GRSDPLQH�

0$2�$�UV���� 77
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

��+7�$
7KH���+7�$�JHQH�HQFRGHV�IRU
VHURWRQLQ�UHFHSWRUV�IRXQG�LQ
WKH�EUDLQ�DQG�FHQWUDO�QHUYRXV
V\VWHP�DQG�LV�FRQFHQWUDWHG�LQ
WKH�EUDLQ�UHJLRQ�HVVHQWLDO�IRU

OHDUQLQJ�DQG�FRJQLWLRQ�
3RO\PRUSKLVPV�LQ�UV�����PD\

UHVXOW�LQ�UHGXFHG�HSLVRGLF
PHPRU\�LQ�\RXQJ�DQG�PLGGOH�

DJHG�LQGLYLGXDOV�

��+7�$�UV���� **

��+7�$
7KH���+7�$�JHQH�HQFRGHV�IRU
VHURWRQLQ�UHFHSWRUV�IRXQG�LQ
WKH�FHQWUDO�QHUYRXV�V\VWHP�

3RO\PRUSKLVPV�LQ�UV�����DQG
UV�����PD\�FRQWULEXWH�WR�D
UHGXFHG�FDSDFLW\�WR�UHJXODWH

VWUHVV��ORZ�YDJDO�WRQH��DQ[LHW\�
GHSUHVVLRQ��2&'��DQG�,%6�

HVSHFLDOO\�LQ�IHPDOHV�

��+7�$�UV���� &7

��+7�$�UV���� $*

&207�9���0
&207�LV�FRQQHFWHG�WR
GRSDPLQH��DGUHQDOLQH�

HVWURJHQ�DQG�FDWHFKRODPLQH
PHWDEROLVP�

&207�9���0�
UV���� **

&207�UV���� &&

$1..�
$1..��PRGXODWHV�WKH�GHQVLW\
RI�GRSDPLQH�UHFHSWRUV�LQ�WKH

EUDLQ�

$1..��UV������� $*

'$2�&����*
'$2�SDUWLFLSDWHV�LQ�WKH

GHJUDGDWLRQ�RI�H[WUDFHOOXODU
KLVWDPLQH��7KLV�JHQH�LV
FRQQHFWHG�WR�PLJUDLQHV�

'$2�&����*�
UV������� &&

+107�&���7
+LVWDPLQH�1�

PHWK\OWUDQVIHUDVH��+107��LV�D
KLVWDPLQH�PHWDEROLVLQJ

HQ]\PH�H[SUHVVHG�LQ�WKH
EUDLQ��7KLV�JHQH�LV�FRQQHFWHG

WR�PLJUDLQHV�

+107�&���7�
UV�������� &&
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

+107
+LVWDPLQH�1�

PHWK\OWUDQVIHUDVH��+107��LV�D
KLVWDPLQH�PHWDEROLVLQJ

HQ]\PH�H[SUHVVHG�LQ�WKH
EUDLQ��7KLV�JHQH�LV�FRQQHFWHG

WR�K\SHUDFWLYLW\�DQG�IRRG�G\HV�

+107�UV������� $*

)$$+
)$$+��IDWW\�DFLG�DPLGH

K\GURODVH��LV�D�JHQH�WKDW
HQFRGHV�IRU�DQDQGDPLGH

EUHDNGRZQ��D
QHXURWUDQVPLWWHU�DQG

HQGRJHQRXV�FDQQDELQRLG�

)$$+�UV������ &&

3(07
&KROLQH�LV�UHTXLUHG�IRU

DFHW\OFKROLQH��D
QHXURWUDQVPLWWHU�RI�WKH�YDJXV

QHUYH�WKDW�HQHUYDWHV
QXPHURXV�RUJDQV�

3(07�UV���� 77

3(07�UV�������� **

*$'�
*$'��VWDQGV�IRU�g*OXWDPDWH

'HFDUER[\ODVH��h�DQG�LV
UHVSRQVLEOH�IRU�WKH�FRQYHUVLRQ

RI�JOXWDPDWH�WR�*$%$�

*$'��UV������� **

%'1)
%'1)�LV�D�V\QDSWLF�PRGXODWRU

RI�JOXWDPDWH�ZKLOH�*$%$
V\QDSVHV�DUH�DOVR�UHJXODWHG�E\

%'1)�

%'1)�UV���� 77

6/&��$�
6/&��$��PHGLDWHV�WKH�XSWDNH

RI�JOXWDPDWH�LQWR�V\QDSWLF
YHVLFOHV�DW�SUHV\QDSWLF�QHUYH
WHUPLQDOV�RI�H[FLWDWRU\�QHXUDO

FHOOV�LQ�WKH�EUDLQ�
3RO\PRUSKLVPV�DUH�DVVRFLDWHG

ZLWK�GHOD\HG�UHFRYHU\�WLPH
IURP�KHDG�LQMXULHV�

6/&��$��
UV�������� **

$32(
$SROLSRSURWHLQ�(��$32(��LV�D

OLSLG�ELQGLQJ�SURWHLQ�WKDW
WUDQVSRUWV�WULJO\FHULGHV�DQG

FKROHVWHURO�LQ�PXOWLSOH�WLVVXHV�
LQFOXGLQJ�WKH�EUDLQ�

$32(�UV������ 77

$32(�UV���� &&
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

*$'�
*$'��VWDQGV�IRU�g*OXWDPDWH

'HFDUER[\ODVH��h�DQG�LV
UHVSRQVLEOH�IRU�WKH�FRQYHUVLRQ

RI�JOXWDPDWH�WR�*$%$�

*$'��UV������� 77

*$'��UV������� 77

*$'��UV������� **

*$'��UV������ **
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0<�&/,1,&$/�5(6($5&+�6800$5<��'(72;,),&$7,21
/LYHU�(Q]\PH�&<3�$�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

&<3�$��&���$�UV������ +HWHUR]\JRXV�$&

5HFDS

,PSURYHV�&<3�$��*HQH�)XQFWLRQ��8QILOWHUHG�IHUPHQWHG�GULQNV��.RPEXFKD��EHHU�
ZLQH���KRSV��PDULQDGHV��FUXFLIHURXV�YHJHWDEOHV��EOXHEHUULHV��EODFNEHUULHV��UHG
JUDSHV��NLZL��ZDWHUPHORQ��SDUVOH\��DQG�VSLQDFK�

�
'HFUHDVHV�&<3�$��*HQH�)XQFWLRQ��+HWHURF\FOLF�DPLQHV��QLWURVDPLQHV��DIODWR[LQ�%��
SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��GLR[LQV��DQG���QDSKWKRIODYRQH��2PHSUD]ROH�DQG
SULPDTXLQH�DUH�LQGXFHUV��&DIIHLQH�DQG�7\OHQRO�FRPELQHG�ZLWK�WKHVH�FRPSRXQGV�FDQ
PDNH�WKH�HIIHFW�ZRUVH�

/,9(5�(1=<0(�&<3�$�

5HVHDUFK��$SSUR[LPDWHO\�����SRO\PRUSKLVPV�H[LVW�LQ�&<3�$��JHQH�UHJLRQ��ZLWK�QXPHURXV�VWXGLHV�IRFXVLQJ�RQ�UV��������<RX
KDYH�WKH�KHWHUR]\JRXV��$&��UV�������JHQRW\SH��ZKLFK�LV�WKH�LQWHUPHGLDWH�PHWDEROL]HU�

7KH�F\WRFKURPHV�3����OLYHU�HQ]\PHV�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�GHYHORSPHQW�RI�YDULRXV�FDQFHUV�VLQFH�WKH\�DUH�LQYROYHG�LQ
WKH�PHWDEROLF�WUDQVIRUPDWLRQ�RI�QXPHURXV�HQGRJHQRXV�DQG�H[RJHQRXV�FRPSRXQGV�LQFOXGLQJ�FDUFLQRJHQV��&<3�$��LV�D�NH\
IDFWRU�LQ�WKH�PHWDEROLF�DFWLYLW\�RI�FDUFLQRJHQLF�DURPDWLF�DQG�KHWHURF\FOLF�DPLQHV��DQG�UHVHDUFKHUV�KDYH�IRXQG�WKDW�WKH�LQKLELWLRQ
DFWLYLW\�RI�WKLV�HQ]\PH�PD\�UHSUHVHQW�D�ORJLFDO�VWUDWHJ\�IRU�SUHYHQWLQJ�WKH�GHYHORSPHQW�RI�KXPDQ�FDQFHUV�LQGXFHG�E\�WKH
DURPDWLF�DQG�KHWHURF\FOLF�DPLQHV��)XUWKHU�UHVHDUFK�KDV�VKRZQ�D�FXPXODWLYH�YDOXH�RI�SKDVH�,��&<3�����HQ]\PHV��DQG�SKDVH�,,
HQ]\PHV��*670���*673��DQG�1$7���LQ�GHWHUPLQLQJ�LQGLYLGXDO�FDUFLQRJHQLF�SRWHQWLDO�RI�FRPSRXQGV�

+HWHURF\FOLF�DPLQHV��+&$V��DUH�FUHDWHG�E\�KLJK�KHDW�UHDFWLQJ�ZLWK�WKH�SURWHLQV��7KH�ZD\�WR�UHGXFH�+&$V�LV�WR�XVH�PDULQDGHV�
0DULQDGHV�UHGXFH�+&$V�E\�XS�WR����SHUFHQW��)RU�IXUWKHU�SURWHFWLRQ��SDLU�ZLWK�FUXFLIHURXV�YHJHWDEOHV��HVSHFLDOO\�IHUPHQWHG�OLNH
VDXHUNUDXW��DQG�DQ�XQILOWHUHG�EHHU�RU�.RPEXFKD�GXH�WR�WKH�SURWHFWLRQ�RI�WKH�\HDVW��5HG�ZLQH��EOXHEHUULHV��EODFNEHUULHV��UHG
JUDSHV��NLZL��ZDWHUPHORQ��SDUVOH\��DQG�VSLQDFK�DOO�LQKLELW�WKH�PXWDJHQLF�DFWLYLW\�RI�FHUWDLQ�+&$V�LQ�YLWUR�

+LJK�DQWLR[LGDQW�IUXLWV��OHPRQ�MXLFH��KHUEV��DQG�VSLFHV�KHOS�NHHS�PHDW�IUHVK�DQG�MXLF\�ZKLOH�SURWHFWLQJ�DJDLQVW�+&$V�DQG
UHGXFLQJ�$*(V�

*UDVV�IHG�PHDW�LV�KLJKHU�LQ�YLWDPLQ�(��DQG�LQ�D�VWXG\�DGGLQJ�FRQFHQWUDWLRQV�RI�YLWDPLQ�(�WR�WKH�VXUIDFH�RI�JURXQG�EHHI�UHGXFHG
+&$�SURGXFWLRQ�E\������$LP�IRU�PHGLXP�WR�PHGLXP�UDUH�IRU�UHG�PHDW��IOLS�RIWHQ�DQG�DYRLG�EXUQLQJ��7KH�GDUNHU�WKH�FRORU�WKH
KLJKHU�WKH�+&$�FRQFHQWUDWLRQV�

1LWURVDPLQHV�DUH�XVHG�LQ�SHVWLFLGHV��FUHDWHG�E\�IU\LQJ�PHDW��DQG�IURP�D�FRQYHUVLRQ�LQ�WKH�JXW�E\�QLWULWHV�IURP�FXUHG�PHDWV�
9LWDPLQ�&�SUHYHQWV�QLWULWHV�IURP�EHFRPLQJ�QLWURVDPLQHV��/LPLW�FXUHG�PHDW�FRQVXPSWLRQ�XVLQJ�QLWULWHV�DQG�WDNH�YLWDPLQ�&�ZKHQ
QHHGHG�

$IODWR[LQ�%��LV�WKH�PRVW�FRPPRQ�LQ�IRRG�DQG�DPRQJVW�WKH�PRVW�SRWHQW�JHQRWR[LF�DQG�FDUFLQRJHQLF��,W�FDQ�RFFXU�LQ�JUDLQ�IHG
PLON��QXWV�JUDLQV�VWRUHG�LQ�KRW�FRQGLWLRQV�RU�ELQV��YHJHWDEOH�RLOV��FRFRD�RU�FRIIHH�EHDQV�VWRUHG�LQ�ZDUP�FRQGLWLRQV��DQG�GULHG
IUXLW��:H�GRQfW�UHFRPPHQG�%UD]LO�QXWV�EHFDXVH�WKH\�DUH�SURQH�WR�DIODWR[LQ�FRQWDPLQDWLRQ��&KRRVH�QXWV�DQG�VHHGV�LQ�VHDOHG
EDJV��SUHIHUDEO\�VSURXWHG��<RX�DOVR�ZDQW�WR�PLQLPL]H�RU�DYRLG�RDWV��XQOHVV�WHVWHG�IUHH�RI�RFKUDWR[LQ���/RZ�SURWHLQ�GLHWV�PD\
LQFUHDVH�WKH�WR[LFLW\�RI�DIODWR[LQ�DQG�SURPRWH�FDQFHURXV�JURZWK�

+RSV�LQ�EHHU�FRQWDLQ�D�IODYRQRLG�FDOOHG�[DQWKRKXPRO��ZKLFK�VWURQJO\�LQKLELWV�&<3�$���;DQWKRKXPRO�KDV�DQWL�FDUFLQRJHQLF
SURSHUWLHV�DQG�KDV�EHHQ�IRXQG�WR�VFDYHQJH�UHDFWLYH�R[\JHQ�VSHFLHV��LQFOXGLQJ�K\GUR[\O��DQG�SHUR[\O�UDGLFDOV��DQG�WR�LQKLELW
VXSHUR[LGH�DQLRQ�UDGLFDO�DQG�KDUPIXO�QLWULF�R[LGH�SURGXFWLRQ�
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV
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&<3�(�
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DV�WKH�SULPDU\�3����LVR]\PH
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JO\FLGDPLGH��DOFRKRO��7\OHQRO��DQG
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&<3�(��UV������� &&

&<3�$�
�%
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LQ�WKH�PHWDEROLVP�RI
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��
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H[SUHVVLRQ�DQG�DFWLYLW\�RI
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&<3�&��
���
UV�������� &&

1$7�
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��
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0<�&/,1,&$/�5(6($5&+�6800$5<��,0081(�6833257�
$17,2;,'$176�$1'�,1)/$00$7,21
&HOO�3URWHFWLRQ�&$7
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

&$7�&����7�UV������� +HWHUR]\JRXV�&7

5HFDS

,PSURYHV�&$7�*HQH�)XQFWLRQ��%ODFN�FXPLQ�VHHG�RLO��JLQJHU��/LRQ
V�0DQH��IODYRQRLGV�
KHDOWK\�LURQ�OHYHOV��VHOHQLXP��ERURQ��FXPLQ��DQLVH��IHQQHO��FDUDZD\��FDUGDPRP�
OXWHLQ��KRO\�EDVLO�DQG�GHHS�EUHDWKLQJ�UHOD[DWLRQ�WHFKQLTXHV�

� 'HFUHDVHV�&$7�*HQH�)XQFWLRQ��2[LGDWLYH�VWUHVV�DQG�%3$�SODVWLF�

&(//�3527(&7,21�&$7

5HVHDUFK��&$7�PDNHV�DQ�HQ]\PH�FDOOHG�FDWDODVH��ZKLFK�KHOSV�UHGXFH�R[LGDWLYH�VWUHVV��&$7�LV�SUHVHQW�LQ�DOO�DHURELF�FHOOV�ZKLOH
UHVHDUFK�KDV�IRXQG�WKH�KLJKHVW�FRUUHODWLRQ�WR�SURVWDWH��EUHDVW��OLYHU�DQG�EORRG�KHDOWK�

7KHUH�DUH�VHYHUDO�613V�LGHQWLILHG�LQ�WKH�&$7�JHQH��RI�ZKLFK�WKH�UV��������SRO\PRUSKLVP��&���7��LV�WKH�PRVW�H[WHQVLYHO\
VWXGLHG��,Q�FRPSDULVRQ�ZLWK�WKH�YDULDQW�&�DOOHOH��WKH�YDULDQW�7�DOOHOH�RI�WKH�&$7�&���7�SRO\PRUSKLVP�KDV�EHHQ�UHSRUWHG�WR
LQGLFDWH�ORZHU�&$7�HQ]\PDWLF�DFWLYLW\��KLJKHU�VHQVLWLYLW\�WR�R[LGDWLYH�VWUHVV��DQG�LQFUHDVHG�'1$�GDPDJH�ULVN��ZKLFK�FDQ�OHDG�WR
FDQFHU�

,I�\RX�KDYH�YDULDQWV�LQ�&$7�&��7��\RX�PD\�KDYH�D�KLJKHU�QHHG�IRU�IODYRQRLGV��VHOHQLXP��JLQJHU��FXPLQ��DQLVH��IHQQHO��FDUDZD\�
FDUGDPRP��ZDWFKLQJ�LURQ�OHYHOV��DQG�GHHS�EUHDWKLQJ�UHOD[DWLRQ�WHFKQLTXHV��\RJD��PHGLWDWLRQ��SUD\HU��WR�DVVLVW�FDWDODVH�

*LQJHU�FRQVXPSWLRQ�KDV�EHHQ�UHSRUWHG�WR�GHFUHDVH�OLSLG�SHUR[LGDWLRQ�DQG�QRUPDOL]H�WKH�DFWLYLWLHV�RI�VXSHUR[LGH�GLVPXWDVH�DQG
FDWDODVH��DV�ZHOO�DV�*6+�DQG�JOXWDWKLRQH�SHUR[LGDVH��JOXWDWKLRQH�UHGXFWDVH��DQG�JOXWDWKLRQH�6�WUDQVIHUDVH�

/LRQfV�0DQH�KDV�EHHQ�IRXQG�WR�SURPRWH�XOFHU�SURWHFWLRQ�DQG�VLJQLILFDQW�SURWHFWLRQ�DFWLYLW\�DJDLQVW�JDVWULF�PXFRVDO�LQMXU\�E\
SUHYHQWLQJ�WKH�GHSOHWLRQ�RI�DQWLR[LGDQW�HQ]\PHV��7UHDWPHQW�ZLWK�D�KRW�ZDWHU�H[WUDFW�RI�/LRQfV�0DQH�GHFUHDVHG�OLSLG
SHUR[LGDWLRQ�DQG�LQFUHDVHG�VXSHUR[LGH�GLVPXWDVH��62'��DQG�FDWDODVH��&$7��DFWLYLWLHV��TXHQFKLQJ�IUHH�UDGLFDOV�LQ�WKH�JDVWULF
WLVVXH�RI�HWKDQRO�LQGXFHG�UDWV�WR�H[KLELW�JDVWURSURWHFWLYH�DFWLYLW\�

*OXWDWKLRQH�*670�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

*670��UV������ :LOG�7\SH�$$

5HFDS

,PSURYHV�*670��*HQH�)XQFWLRQ��&UXFLIHURXV�YHJHWDEOHV��YLWDPLQ�&��YLWDPLQ�$�
YLWDPLQ�(��PLON�WKLVWOH��UHVYHUDWURO��FXUFXPLQ��JUHHQ�WHD�DQG�ZKLWH�WHD� �

'HFUHDVHV�*670��*HQH�)XQFWLRQ��/RZ�LQWDNH�RI�YLWDPLQ�$��&��(�DQG�FUXFLIHURXV
YHJHWDEOHV��VPRNLQJ��EXUQLQJ�RI�ZRRG�RU�WUDVK��DVSKDOW��FRDO��GLHVHO�H[KDXVW��JDV
FRRNLQJ��GLR[LQV��DQG�JULOOHG�RU�FKDUUHG�PHDW�
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*/87$7+,21(�*670�

5HVHDUFK��*670��UV�������LV�D�SVHXGR�613�WKDW�FDQ�EH�XVHG�DV�D�*670��GHOHWLRQ�PDUNHU��7KH�GHOHWLRQ�LV�DOVR�NQRZQ�DV�WKH
QXOO�JHQRW\SH�DQG�FRQIHUV�WKH�DEVHQFH�RI�WKH�*670��SURWHLQ��7KH�IUHTXHQF\�RI�WKH�QXOO�JHQRW\SH�YDULHV�IURP�����WR�����
GHSHQGLQJ�RQ�WKH�HWKQLF�JURXS�VWXGLHG�

)RU�H[DPSOH��WKH�QXOO�JHQRW\SH�LV�OHVV�IUHTXHQW�LQ�ZHVWHUQ�DQG�VRXWKHUQ�$IULFDQ�SRSXODWLRQV��OHVV�IUHTXHQW�LQ�6RXWK�$PHULFDQ
SRSXODWLRQV��LQWHUPHGLDWH�LQ�WKH�-DSDQHVH��EXW�LV�KLJKHU�LQ�(J\SWLDQ��(XURSHDQ��$PHULFDQ��DQG�$VLDQ�SRSXODWLRQV�

+LJK�IUHTXHQFLHV�RI�WKH�*670��QXOO�JHQRW\SH�KDYH�EHHQ�IRXQG�LQ�SDWLHQWV�ZLWK�OXQJ�FDQFHU��(DVW�$VLDQV���EUHDVW�FDQFHU��RYHU
���DJH�JURXS�DQG�LQ�$VLDQV���EODGGHU�FDQFHU��ZLWK�1$7��VORZ�DFHW\ODWRU���FRORUHFWDO�FDQFHU��VNLQ�FDQFHU��JDVWULF�FDQFHU��DPRQJ
$VLDQV�ZLWK�+��3\ORUL���FKURQLF�EURQFKLWLV��NLGQH\�GLVHDVH�SURJUHVVLRQ��DFXWH�P\HORLG�OHXNHPLD��DFXWH�O\PSKREODVWLF�OHXNDHPLD�
KHDG�DQG�QHFN�FDQFHU��FRPELQHG�ZLWK�&<3�$��YDULDQW���HQGRPHWULRVLV��W\SH���GLDEHWHV�UHWLQRSDWK\��DQG�UHFXUUHQW�SUHJQDQF\
ORVV��$OO�KDYH�EHHQ�UHJDUGHG�DV�HQYLURQPHQWDOO\�LQGXFHG�DQG�WKH�ULVN�PD\�FKDQJH�ZLWK�HWKQLFLW\�

2I�WKH�PDMRU�JOXWDWKLRQH�HQ]\PHV��*670��DSSHDUV�WR�EH�WKH�PRVW�HIIHFWLYH�DW�QHXWUDOL]LQJ�F\WRWR[LF�DQG�JHQRWR[LF�UHDFWLYH
FRPSRXQGV��+RZHYHU��WKH�UHVHDUFK�VKRZV�WKDW�WKH�QXOO�JHQRW\SH�RI�*670��RQ�LWV�RZQ�PD\�QRW�EH�DEOH�WR�GHWHUPLQH
FDUFLQRJHQ�H[SRVXUH�FDQFHU�ULVN��,QVWHDG��D�FRPELQDWLRQ�RI�JHQRW\SHV�LQ�WKH�RWKHU�JOXWDWKLRQH�DQG�DQWLR[LGDQW�JHQHV�OLNH�*673�
DQG�1)(�/���GHWR[LILFDWLRQ�JHQHV�OLNH�&<3�$��DQG�1$7���DQG�RU�FRPSRXQGLQJ�HSLJHQHWLF�KDELWV�WKDW�DSSHDU�WR�PRGLI\�WKH
HIIHFW�

*670��FDWDO\]HV�WKH�GHWR[LILFDWLRQ�RI�DON\O�DQG�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��LQWHUPHGLDWH�IRUPV�RI�PDQ\�FDUFLQRJHQV�
VSHFLILFDOO\�PHWDEROLFDOO\�JHQHUDWHG�HSR[LGH�LQWHUPHGLDWHV�RI�EHQ]R�D�S\UHQH��%HQ]R�D�S\UHQH�LV�SDUW�RI�D�FODVV�RI�FKHPLFDOV
FDOOHG�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��6RXUFHV�RI�EHQ]R�D�S\UHQH�LQFOXGH�WKH�EXUQLQJ�RI�ZRRG�RU�WUDVK��WREDFFR�VPRNH�
DVSKDOW��FRDO��GLHVHO�H[KDXVW��DQG�JULOOHG�RU�FKDUUHG�PHDW��7KHUH�LV�HYLGHQFH�WKDW�LW�FDXVHV�VNLQ��OXQJ��DQG�EODGGHU�FDQFHU�LQ
KXPDQV�DQG�LQ�DQLPDOV��5HVHDUFK�KDV�DOVR�VKRZQ�WKDW�HDUO\�PDUNHUV�RI�FDUGLRYDVFXODU�GLVHDVH�DUH�DVVRFLDWHG�ZLWK�RFFXSDWLRQDO
H[SRVXUH�WR�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�

$�VWXG\�DOVR�IRXQG�VHQVLWLYLW\�WR�JDV�FRRNLQJ�DQG�WKH�*670��QXOO�JHQRW\SH��LQFUHDVLQJ�WKH�VHQVLWLYLW\�RI�WKH�OXQJV�WR�QLWURJHQ
GLR[LGH��1LWURJHQ�GLR[LGH�LV�DOVR�IRXQG�LQ�GLHVHO�H[KDXVW��([SRVXUH�RI�KXPDQ�EORRG�SODVPD�WR�QLWURJHQ�GLR[LGH�FDXVHG�UDSLG
ORVVHV�RI�DVFRUELF�DFLG��XULF�DFLG��SURWHLQ�WKLRO�JURXSV��OLSLG�SHUR[LGDWLRQ��DQG�GHSOHWLRQV�RI�DOSKD�WRFRSKHURO��ELOLUXELQ��DQG
XELTXLQRO�OHDGLQJ�WR�KLJK�OHYHOV�RI�R[LGDWLYH�VWUHVV�

$QLPDO�VWXGLHV�DQG�LQ�YLWUR�VWXGLHV�KDYH�VKRZQ�WKDW�YLWDPLQ�&��YLWDPLQ�(��YLWDPLQ�$��UHVYHUDWURO��FXUFXPLQ��JUHHQ�WHD��DQG�ZKLWH
WHD�FDQ�LQKLELW�WKH�FDUFLQRJHQLF�HIIHFW�RI�EHQ]R�D�S\UHQH�DQG�QLWURJHQ�GLR[LGH��,Q�WKH�1RUZHJLDQ�0RWKHU�DQG�&KLOG�&RKRUW�6WXG\
�������ZRPHQ��D�KLJKHU�SUHQDWDO�H[SRVXUH�WR�GLHWDU\�EHQ]R�D�S\UHQH�ZDV�IRXQG�WR�UHGXFH�ELUWK�ZHLJKW��+RZHYHU��LQFUHDVLQJ
GLHWDU\�YLWDPLQ�&�LQWDNH�GXULQJ�SUHJQDQF\�KHOSHG�UHGXFH�DQ\�DGYHUVH�HIIHFWV�RI�EHQ]R�D�S\UHQH�RQ�ELUWK�ZHLJKW�

,VRWKLRF\DQDWHV�IURP�FUXFLIHURXV�YHJHWDEOHV�DUH�NQRZQ�IRU�WKHLU�DQWL�FDQFHU�DFWLYLW\��7KH\�DUH�VWRUHG�DV�JOXFRVLQRODWHV�LQ
FUXFLIHURXV�YHJHWDEOHV�DQG�DUH�K\GURO\]HG�E\�P\URVLQDVH��DQ�HQ]\PH�IRXQG�LQ�SODQWV�DQG�LQWHVWLQDO�PLFURIORUD��WR�IRUP
LVRWKLRF\DQDWHV��,VRWKLRF\DQDWHV�IURP�FUXFLIHURXV�YHJHWDEOHV�DUH�VXEVWUDWHV�DQG�LQGXFHUV�RI�*670��

*670��YDULDQWV�PD\�DOWHU�LVRWKLRF\DQDWHV�FOHDUDQFH��ZLWK�WKH�QXOO�JHQRW\SH�UHWDLQLQJ�KLJKHU�OHYHOV�RI�LVRWKLRF\DQDWHV�DQG
WKHUHIRUH�WKH�EHQHILWV��,Q�QXPHURXV�VWXGLHV��WKH�*670��QXOO�JHQRW\SH�ZDV�WKH�PRVW�UHVSRQVLYH�WR�FUXFLIHURXV�YHJHWDEOHV�IRU
DQWL�FDQFHU�HIIHFWV�DJDLQVW�OXQJ�FDQFHU��FRORQ�FDQFHU��EUHDVW�FDQFHU��DQG�NLGQH\�GLVHDVH�

7KH�LVRWKLRF\DQDWH�OHYHOV�LQ�FUXFLIHURXV�YHJHWDEOHV�ZLOO�UDQJH�EDVHG�RQ�JURZLQJ�FRQGLWLRQV�LQFOXGLQJ�VXOIXU�DQG�QLWURJHQ�OHYHOV�
WLPH�DIWHU�KDUYHVW�DQG�VWRUDJH��FROG�WUDQVSRUWDWLRQ�DQG�VWRUDJH�RI�EURFFROL�DOVR�FDXVH�D�ORVV�RI�JOXFRVLQRODWHV�XS�WR���������
SODQW�JHQHWLFV��DQG�FRRNLQJ�SUHSDUDWLRQ��%URFFROL�VSURXWV�ZLOO�\LHOG�WKH�KLJKHVW�LVRWKLRF\DQDWH�OHYHOV�

*OXWDWKLRQH�*673�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

*673��,���9�UV���� +RPR]\JRXV�**
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5HFDS

,PSURYHV�*673��*HQH�)XQFWLRQ��*O\FLQH��F\VWHLQH��VHOHQLXP��YLWDPLQ�&��%���%��
]LQF��PDJQHVLXP��RSWLPDO�LURQ�OHYHOV��PDJQHVLXP��DOSKD�OLSRLF�DFLG��PLON�WKLVWOH��KRO\
EDVLO�DQG�YLWDPLQ�(�VXSSOHPHQWDWLRQ�IRU�WKH�KRPR]\JRXV�**�JHQRW\SH�RQO\�

� 'HFUHDVHV�*673��*HQH�)XQFWLRQ��0HUFXU\��DUVHQLF��FDGPLXP��SHVWLFLGHV��DQG�DLU
SROOXWLRQ�

*/87$7+,21(�*673�

5HVHDUFK��*OXWDWKLRQH�LV�WKH�PDVWHU�DQWLR[LGDQW�V\VWHP�LQYROYHG�LQ�R[LGDWLYH�VWUHVV��GHWR[LILFDWLRQ�DQG�LPPXQLW\��,W�UHTXLUHV�WKH
DPLQR�DFLGV�JO\FLQH��F\VWHLQH�DQG�JOXWDPDWH��6HOHQLXP�DFWLYDWHV�WKH�JOXWDWKLRQH�V\VWHP�DQG�ZRUNV�LQ�FRQFHUW�ZLWK�YLWDPLQ�(�DV
D�SRWHQW�DQWLR[LGDQW�DJDLQVW�SODVPD�DQG�/'/�OLSLG�SHUR[LGDWLRQ�

7KH�IXQFWLRQDO�SRO\PRUSKLVP�RI�WKH�*673��,OH���9DO�JHQH��ZKLFK�UHGXFHV�HQ]\PDWLF�DFWLYLW\��LQYROYHV�DQ�$�*�VXEVWLWXWLRQ�
&DUULHUV�RI�WKHVH�PXWDWLRQV�DUH�OHVV�DEOH�WR�GHWR[LI\�FDUFLQRJHQV��DQG�HSLGHPLRORJLFDO�VWXGLHV�KDYH�VXJJHVWHG�WKDW�LQGLYLGXDOV
GLIIHULQJ�LQ�WKH�H[SUHVVLRQ�RI�DOOHOLF�YDULDQWV�RI�*673��JHQH�GLIIHU�LQ�VXVFHSWLELOLW\�WR�YDULRXV�FKHPLFDO�FDUFLQRJHQV�

$�PHWD�DQDO\VLV�RI��������FDQFHU�FDVHV�DQG��������FRQWUROV�LQ����LQGHSHQGHQW�FDVHeFRQWURO�VWXGLHV�IURP����DUWLFOHV�IRXQG�D
VLJQLILFDQW�LQFUHDVH�LQ�ULVN�LQ�EUHDVW�FDQFHU�LQ�&DXFDVLRQV�ZLWK�YDULDQWV�LQ�*673��UV������$�VHFRQG�PHWD�DQDO\VLV�IRXQG�WKH
VDPH�UHVXOWV�ZLWK�$VLDQV�WKDW�KDG�WKH�**�JHQRW\SH��$������VWXG\�IRXQG�WKDW�WKH�UV�����KRPR]\JRXV�**�JHQRW\SH�ZDV
DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�EUHDVW�FDQFHU��EXW�QRW�WKH�$*�JHQRW\SH��2WKHU�UHVHDUFK�KDV�VKRZQ�WKH�ULVN�WR�EH�KLJKHU�LQ
SUHPHQRSDXVDO�ZRPHQ�YV��SRVW�PHQRSDXVDO�ZRPHQ�

$Q�DQDO\VLV�RI�WKDW�LQFOXGHG�������EUHDVW�FDQFHU�FDVHV�DQG�������SRSXODWLRQ�FRQWUROV�LQ�D�&KLQHVH�SRSXODWLRQ�IRXQG�WKDW
FUXFLIHURXV�YHJHWDEOH�LQWDNH�KHOSHG�RIIVHW�WKH�ULVN�RI�WKH�**�JHQRW\SH��ZLWK�D�ORZHU�ULVN�DVVRFLDWHG�ZLWK�D�KLJKHU�FUXFLIHURXV
YHJHWDEOH�LQWDNH�

$�PHWD�DQDO\VLV�RI��������FDVHV�DQG��������FRQWUROV�IURP����VWXGLHV�VKRZHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ
*673��UV�����SRO\PRUSKLVP�ZLWK�SURVWDWH�FDQFHU�ULVN�DQG�XULQDU\�V\VWHP�FDQFHU�DPRQJ�$VLDQV�

*673��UV�����YDULDQWV�ZHUH�UHSRUWHG�WR�EH�DVVRFLDWHG�ZLWK�WKH�ULVN�RI�HVRSKDJHDO�FDQFHU�DQG�PDOLJQDQW�PHODQRPD�LQ�WKH
&DXFDVLDQ�SRSXODWLRQ��EXW�QRW�FKLOGKRRG�DFXWH�O\PSKREODVWLF�OHXNHPLD�RU�EODGGHU�FDQFHU�

*OXWDWKLRQH�UHODWHG�SRO\PRUSKLVPV��VXFK�DV�*670��DQG�*673��KDYH�DOVR�EHHQ�IRXQG�WR�LQFUHDVH�WKH�HOHYDWLRQ�DQG�WR[LFLW\�RI
PHUFXU\��6HOHQLXP�EORFNV�PHUFXU\�XSWDNH��IRODWH�GHFUHDVHV�PHUFXU\�OHYHOV�DQG�PDJQHVLXP�DQG�KRO\�EDVLO�SURWHFW�DJDLQVW
PHUFXU\�WR[LFLW\�

2QH�EHQHILW�RI�WKH�*673��$*�DQG�**�JHQRW\SH�DSSHDUV�WR�EH�LQ�DWKOHWLF�WUDLQLQJ��*673��UV�����$*�DQG�**�PD\�EH�KLJK
UHVSRQGHUV�WR�HQGXUDQFH�WUDLQLQJ�GXH�WR�DQ�LPSDLUHG�DELOLW\�WR�UHPRYH�H[FHVV�UHDFWLYH�R[\JHQ�VSHFLHV��7KH�K\SRWKHVLV�LV�WKDW
EHWWHU�DFWLYDWLRQ�RI�FHOO�VLJQDOLQJ�SDWKZD\V�UHVXOWV�LQ�SRVLWLYH�PXVFOH�DGDSWDWLRQV��:RPHQ�ZLWK�DW�OHDVW�RQH�FRS\�RI�WKH�*�DOOHOH
VKRZHG�D�VLJQLILFDQWO\�JUHDWHU�LQFUHDVH�LQ�9"2�PD[�LQ�UHVSRQVH�WR�DSSOLHG�WUDLQLQJ�

,Q�KHDOWK\�FRQWURO�VXEMHFWV��WKH�HIIHFW�RI�D�WRFRSKHURO�VXSSOHPHQWDWLRQ�RQ�WKH�SURGXFWLRQ�RI�LQIODPPDWRU\�F\WRNLQHV�DSSHDUV�WR
EH�GHSHQGHQW�RQ�DQ�LQGLYLGXDO
V�*673��UV�����JHQRW\SH��7KHVH�JHQRW\SH�VSHFLILF�GLIIHUHQFHV�PD\�KHOS�H[SODLQ�VRPH�RI�WKH
GLVFRUGDQW�UHVXOWV�LQ�VWXGLHV�WKDW�XVHG�YLWDPLQ�(��3HUVRQV�KDYLQJ�WKH�DOOHOHV�$$�RU�$*�LQ�*673��UV�����KDG�DQ�LQFUHDVH�LQ
LQIODPPDWRU\�LQWHUOHXNLQ����,/����XSRQ�VXSSOHPHQWLQJ�DOSKD�WRFRSKHURO��WKH�PRVW�FRPPRQ�IRUP�RI�9LWDPLQ�(�LQ�D�1RUWK
$PHULFDQ�GLHW��ZKLOH�WKRVH�ZLWK�**�VDZ�D�GHFUHDVH�

+HDY\�0HWDOV�*673�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

*673��&���7�UV������� +HWHUR]\JRXV�&7
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5HFDS

,PSURYHV�*673��*HQH�)XQFWLRQ��*O\FLQH��F\VWHLQH��VHOHQLXP��YLWDPLQ�&��%���%��
]LQF��PDJQHVLXP��RSWLPDO�LURQ�OHYHOV��PDJQHVLXP��DOSKD�OLSRLF�DFLG��PLON�WKLVWOH��DQG
KRO\�EDVLO�

� 'HFUHDVHV�*673��*HQH�)XQFWLRQ��0HUFXU\��DUVHQLF��FDGPLXP��SHVWLFLGHV��DQG�DLU
SROOXWLRQ�

+($9<�0(7$/6�*673�

5HVHDUFK��*OXWDWKLRQH�LV�WKH�PDVWHU�DQWLR[LGDQW�V\VWHP�LQYROYHG�LQ�R[LGDWLYH�VWUHVV��GHWR[LILFDWLRQ��DQG�LPPXQLW\��,W�UHTXLUHV
WKH�DPLQR�DFLGV�JO\FLQH��F\VWHLQH��DQG�JOXWDPDWH��6HOHQLXP�DFWLYDWHV�WKH�JOXWDWKLRQH�V\VWHP�DQG�ZRUNV�LQ�FRQFHUW�ZLWK�YLWDPLQ
(�DV�D�SRWHQW�DQWLR[LGDQW�DJDLQVW�SODVPD�DQG�/'/�OLSLG�SHUR[LGDWLRQ�

3HVWLFLGHV��FDGPLXP��PHUFXU\��DQG�DUVHQLF�KDYH�DOO�EHHQ�VKRZQ�WR�ORZHU�*673��H[SUHVVLRQ��LQFUHDVLQJ�WKH�HOHYDWLRQ�DQG
WR[LFLW\�RI�WKHVH�FKHPLFDOV�DQG�KHDY\�PHWDOV��7KH�H[SRVXUH�DQG�VHQVLWLYLW\�WR�WKHVH�FKHPLFDOV�DQG�KHDY\�PHWDOV�DUH�VXVSHFWHG
UHDVRQV�IRU�WKH�LQFUHDVHG�ULVN�RI�FHUWDLQ�FDQFHUV�DQG�PDOH�LQIHUWLOLW\�UHODWHG�WR�*673��YDULDQWV�

$�PHWD�DQDO\VLV�RI����HOLJLEOH�FDVH�FRQWURO�VWXGLHV�LQ������IRXQG�WKDW�WKH�77�JHQRW\SH�RI�WKH�*673��UV��������SRO\PRUSKLVP
LV�OLNHO\�UHODWHG�WR�WKH�VXVFHSWLELOLW\�WR�RYHUDOO�FDQFHU�LQ�WKH�$VLDQ�DQG�$IULFDQ�SRSXODWLRQV��&RORUHFWDO�DQG�KHDG�DQG�QHFN�FDQFHUV
ZHUH�LQFUHDVHG�LQ�WKH�&DXFDVLDQ�SRSXODWLRQ��DORQJ�ZLWK�OXQJ�FDQFHU�LQ�WKH�&7�JHQRW\SH��5HVHDUFKHUV�VWDWHG�WKDW�DGGLWLRQDO
HYLGHQFH�LV�UHTXLUHG�WR�FRQILUP�WKHVH�FRQFOXVLRQV�

$������VWXG\�IRXQG�WKDW�SURVWDWH�FDQFHU�ULVN�ZDV�LQFUHDVHG������IROG�LQ�WKH�KRPR]\JRXV�FDUULHUV�RI�*673��UV���������DQG
LQFUHDVHG�LQFUHPHQWDOO\�GHSHQGLQJ�RQ�YDULDQWV�LQ�*673��UV�����DQG�*670��

&KLOGUHQ�FDUU\LQJ�*673��UV��������RU�UV�����PLQRU�DOOHOHV�PD\�FRQVWLWXWH�D�VXVFHSWLEOH�SRSXODWLRQ�DW�LQFUHDVHG�ULVN�RI�DVWKPD
DVVRFLDWHG�ZLWK�DLU�SROOXWLRQ�

0HQ�ZLWK�WKH�KRPR]\JRXV�RU�KHWHUR]\JRXV�JHQRW\SHV�RI�*673��UV��������ZHUH���WLPHV�KLJKHU�WR�H[SHULHQFH�D�GLVWXUEDQFH�LQ
VSHUP�PRWLOLW\�DQG�����WLPHV�KLJKHU�IRU�DEQRUPDOLWLHV�LQ�PRUSKRORJ\�RI�VSHUPDWR]RD�LQ�D�5XVVLDQ�SRSXODWLRQ��6WXGLHV�KDYH�DOVR
VKRZQ�WKDW�PHQ�H[SRVHG�WR�KLJKHU�OHYHOV�RI�DLU�SROOXWLRQ�ZHUH�PRUH�OLNHO\�WR�H[SHULHQFH�DEQRUPDO�VSHUP�PRUSKRORJ\�
GHFUHDVHG�PRWLOLW\��DQG�DQ�LQFUHDVHG�FKDQFH�RI�'1$�IUDJPHQWDWLRQ��7KH�*673��YDULDQWV�ZRXOG�LQFUHDVH�WKLV�WR[LFLW\�DQG�UHTXLUH
PRUH�DQWLR[LGDQW�VXSSRUW�

'RFHWD[HO�LV�D�FKHPRWKHUDS\�GUXJ�XVHG�WR�WUHDW�EUHDVW��OXQJ��SURVWDWH��VWRPDFK��DQG�KHDG�DQG�QHFN�FDQFHU��$������FDVH�FRQWURO
VWXG\�RI�����ZRPHQ�ZLWK�HDUO\�VWDJH�EUHDVW�FDQFHU�IRXQG�WKDW�WKH�*673��UV��������SRO\PRUSKLVP�ZDV�DVVRFLDWHG�ZLWK
GRFHWD[HO�LQGXFHG�SHULSKHUDO�QHXURSDWK\��DQG�WKH�ULVN�ZDV�ILYH�WLPHV�KLJKHU�IRU�SDWLHQWV�ZLWK�D�%0,�i����

&KRRVLQJ�RUJDQLF�SURGXFH�LV�RQH�RI�WKH�EHVW�ZD\V�WR�DYRLG�H[FHVV�FDGPLXP��&KHPLFDO�DJULFXOWXUH�XVHV�KLJK�DPRXQWV�RI
V\QWKHWLF�RUJDQRSKRVSKDWHV��FUHDWLQJ�D�YHU\�KLJK�SKRVSKRUXV�FRQWHQW��6\QWKHWLF�SKRVSKRUXV�FRQFHQWUDWHV�WKH�DPRXQWV�RI
KHDY\�PHWDOV��OLNH�FDGPLXP�DQG�XUDQLXP�LQ�QRQ�RUJDQLF�VRLOV�DQG�IRRG��9LWDPLQ�&��%���%���LURQ�DQG�]LQF�GHILFLHQFLHV�KDYH�DOVR
EHHQ�UHSRUWHG�WR�HQKDQFH�VHQVLWLYLW\�WRZDUGV�FDGPLXP�

)LVK�KLJK�LQ�PHUFXU\�LQFOXGLQJ�VZRUGILVK��DKL�WXQD��DQG�KDOLEXW�VKRXOG�EH�PLQLPL]HG�RU�DYRLGHG��6HOHQLXP�EORFNV�PHUFXU\
XSWDNH��IRODWH�GHFUHDVHV�PHUFXU\�OHYHOV��DQG�PDJQHVLXP�DQG�KRO\�EDVLO�SURWHFW�DJDLQVW�PHUFXU\�WR[LFLW\�

$UVHQLF�OHYHOV�UDQJH�WKURXJKRXW�WKH�ZRUOG�EDVHG�RQ�JURXQGZDWHU�OHYHOV��$UVHQLF�LV�DOVR�KLJK�LQ�ULFH��2SWLPDO�VHOHQLXP�DQG
IRODWH�LQWDNH�KDYH�EHHQ�IRXQG�WR�LPSURYH�DUVHQLF�GHWR[LILFDWLRQ�DQG�PLWLJDWH�WR[LFLW\�

*OXWDWKLRQH�&7+
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

&7+�UV������� +RPR]\JRXV�77
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5HFDS

,PSURYHV�&7+�*HQH�)XQFWLRQ��)RODWH��%���%���%���DQG�F\VWHLQH� � 'HFUHDVHV�&7+�*HQH�)XQFWLRQ��+LJK�KRPRF\VWHLQH�DQG�R[LGDWLYH�VWUHVV�

*/87$7+,21(�&7+

5HVHDUFK��&\VWHLQH�LV�DQ�LPSRUWDQW�DPLQR�DFLG�IRU�JOXWDWKLRQH��9DULDQWV�LQ�&7+�PD\�LQFUHDVH�WKH�QHHG�IRU�GLHWDU\�F\VWHLQH�
+RPR]\JRWHV�IRU�WKLV�JHQH�DOVR�KDG�VLJQLILFDQWO\�KLJKHU�PHDQ�SODVPD�KRPRF\VWHLQH�FRQFHQWUDWLRQ�WKDQ�VXEMHFWV�ZLWK�RWKHU
JHQRW\SHV��DQG�WKH�HIIHFW�VL]HV�RI�&7+�DQG�07+)5�JHQRW\SHV�ZHUH�VLPLODU�

<RX�KDYH�WKH�KRPR]\JRXV�77�JHQRW\SH�IRU�&7+��2[LGDWLYH�VWUHVV�KDV�EHHQ�VXJJHVWHG�DV�D�PHFKDQLVP�RI�DXWLVP��$�WKUHH�613
MRLQW�HIIHFW�ZDV�REVHUYHG�IRU�JHQRW\SH�FRPELQDWLRQV�RI�613V�LQ�JOXWDUHGR[LQ��JOXWDUHGR[LQ����*/5;����DQG�F\VWDWKLRQLQH
JDPPD�O\DVH��&7+���7KHVH�UHVXOWV�VXJJHVW�WKDW�YDULDWLRQ�LQ�JHQHV�LQYROYHG�LQ�FRXQWHUEDODQFLQJ�R[LGDWLYH�VWUHVV�PD\�FRQWULEXWH
WR�DXWLVP��WKRXJK�UHSOLFDWLRQ�LV�QHFHVVDU\�

7KH�KRPR]\JRXV�&7+�JHQRW\SH�PD\�UHTXLUH�PRUH�F\VWHLQH�ULFK�IRRGV�DQG�D�QHHG�WR�IRFXV�RQ�RWKHU�JHQHV�LQ�ORZHULQJ
KRPRF\VWHLQH�DQG�ERRVWLQJ�JOXWDWKLRQH�

*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

62'�
6XSHUR[LGH�GLVPXWDVH
�62'���LV�PDQJDQHVH

GHSHQGHQW�DQG�SURWHFWV
DJDLQVW�VXSHUR[LGH�IRU�WKH
PLWRFKRQGULD�RI�WKH�FHOO�

9DULDQWV�KHUH�LQFUHDVH�WKH
QHHG�IRU�LQWUDFHOOXODU

DQWLR[LGDQW�SURWHFWLRQ�

62'��UV���� $$

62'�
6XSHUR[LGH�GLVPXWDVH
�62'���LV�]LQF�FRSSHU

GHSHQGHQW�DQG�SURWHFWV
DJDLQVW�VXSHUR[LGH�IRU�WKH

FHOO�PHPEUDQH��9DULDQWV�KHUH
LQFUHDVH�WKH�QHHG�IRU

LQWUDFHOOXODU�DQG�H[WUDFHOOXODU
DQWLR[LGDQW�SURWHFWLRQ�

62'��UV������� &&

&$7�&����7
&$7�PDNHV�DQ�HQ]\PH�FDOOHG
FDWDODVH��ZKLFK�KHOSV�UHGXFH

R[LGDWLYH�VWUHVV�

&$7�&����7�
UV������� &7
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

*670�
*670��FDWDO\]HV�WKH

GHWR[LILFDWLRQ�RI�DON\O�DQG
SRO\F\FOLF�DURPDWLF

K\GURFDUERQV��3$+V��
LQWHUPHGLDWH�IRUPV�RI�PDQ\

FDUFLQRJHQV��VSHFLILFDOO\
PHWDEROLFDOO\�JHQHUDWHG
HSR[LGH�LQWHUPHGLDWHV�RI

EHQ]R�D�S\UHQH�

*670��UV������ $$

*673��,���9
*OXWDWKLRQH�6�7UDQVIHUDVH

�*673���LV�OLQNHG�WR�WKH
PHWDEROLVP�RI�PXWDJHQV�

FDUFLQRJHQV��DQG�RWKHU
SRLVRQRXV�FKHPLFDOV��,W�SOD\V

D�FUXFLDO�UROH�LQ�WKH
GHWR[LILFDWLRQ�SURFHVV�

WKHUHE\�SURWHFWLQJ�FHOOV�IURP
WKHVH�FRPSRXQGV��*673�

UV�����LV�FRQQHFWHG�WR
EUHDVW��SURVWDWH��XULQDU\�

HVRSKDJXV��DQG�VNLQ�KHDOWK�

*673��,���9�
UV���� **

*673��&���7
*OXWDWKLRQH�6�7UDQVIHUDVH

�*673���LV�OLQNHG�WR�WKH
PHWDEROLVP�RI�PXWDJHQV�

FDUFLQRJHQV��DQG�RWKHU
SRLVRQRXV�FKHPLFDOV��,W�SOD\V

D�FUXFLDO�UROH�LQ�WKH
GHWR[LILFDWLRQ�SURFHVV�

WKHUHE\�SURWHFWLQJ�FHOOV�IURP
WKHVH�FRPSRXQGV��*673�
UV��������LV�FRQQHFWHG�WR
WKH�FRORQ��SURVWDWH��OXQJ�

WKURDW��DQG�IHUWLOLW\�

*673��&���7�
UV������� &7

*3;�
7KH�*3;���*OXWDWKLRQH

SHUR[LGDVH����JHQH�HQFRGHV�D
SURWHLQ�UHVSRQVLEOH�IRU�WKH

PRGXODWLRQ�DQG�GHWR[LILFDWLRQ
RI�K\GURSHUR[LGHV�DQG

K\GURJHQ�SHUR[LGH�WR�SURWHFW
WKH�PLWRFKRQGULD�DQG

F\WRSODVP�RI�FHOOV�DJDLQVW
R[LGDWLYH�GDPDJH�

*3;��UV������� **
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

&7+
7KH�&7+��&\VWDWKLRQLQH

*DPPD�/\DVH��JHQH�HQFRGHV
DQ�HQ]\PH�LQ�WKH�WUDQV�
VXOIXUDWLRQ�SDWKZD\�WKDW
FRQYHUWV�F\VWDWKLRQLQH

GHULYHG�IURP�PHWKLRQLQH�LQWR
F\VWHLQH��*OXWDWKLRQH

V\QWKHVLV�LQ�WKH�OLYHU�LV
GHSHQGHQW�XSRQ�WKH

DYDLODELOLW\�RI�F\VWHLQH�

&7+�UV������� 77

126�
126���Q126��FRGHV�IRU�EUDLQ
QHXUDO�WUDQVPLVVLRQ��PHPRU\�
OHDUQLQJ��SV\FKRORJLFDO�VWUHVV�

WKH�SHULSKHUDO�QHUYRXV
V\VWHP�DQG�SRWHQWLDOO\�WKH

O\PSK�QRGHV�

126��UV������� &&

126�
126���L126��HQFRGHV�IRU
ZRXQG��WLVVXH�GDPDJH�

LQIHFWLRQ�DQG�K\SR[LD��ORZ
R[\JHQ��

126��UV������� $*

&)+
&)+��FRPSOHPHQW�IDFWRU�+�
SRO\PRUSKLVP�LV�DVVRFLDWHG
ZLWK�LQFUHDVHG�ULVN�RI�DJH

UHODWHG�PDFXODU�GHJHQHUDWLRQ�

&)+�UV������� 77

$506�
$506��SRO\PRUSKLVP�LV

DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN
RI�DJH�UHODWHG�PDFXODU
GHJHQHUDWLRQ��$0'��

$506��
UV�������� **

/=7)/�
7KH�/=7)/��JHQH�LQIOXHQFHV
WKH�WUDQVLWLRQ�RI�VSHFLDOL]HG
OXQJ�FHOOV�WR�OHVV�VSHFLDOL]HG

OXQJ�FHOOV�GXULQJ�LQIHFWLRQ�DQG
LQIODPPDWLRQ�

/=7)/��
UV�������� **

,/��� ,/����UV������� **

,/��� ,/����UV������� **
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,/��� ,/����UV������� &7

14�� 14���UV������� **
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0<�&/,1,&$/�5(6($5&+�6800$5<��'1$�3527(&7,21�
'$0$*(�	�5(3$,5
'1$�5HSDLU�$70
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

$70�'����1�UV������� +HWHUR]\JRXV�$*

5HFDS

,PSURYHV�$70�*HQH�)XQFWLRQ��)RODWH��KLJKHU�QXW��YHJHWDEOH�DQG�IUXLW�LQWDNH�
H[HUFLVH��DQG�LQWHUPLWWHQW�IDVWLQJ��ZDLWLQJ�������KRXUV�WR�HDW�IURP�GLQQHU�WR
EUHDNIDVW��

�
'HFUHDVHV�$70�*HQH�)XQFWLRQ��6PRNLQJ��REHVLW\��HVSHFLDOO\�DEGRPLQDO�IDW��
GLDEHWHV��ELQJH�GULQNLQJ��FKURQLF�SDQFUHDWLWLV��KHWHURF\FOLF�DPLQHV��SRO\F\FOLF
DURPDWLF�K\GURFDUERQV�DQG�LVRODWHG�IUXFWRVH�

'1$�5(3$,5�$70

5HVHDUFK��3HRSOH�ZKR�KDYH�D�YDULDQWV�LQ�WKH�$70�JHQH�ZLOO�EHQHILW�IURP�QXWULHQWV�WKDW�KDYH�EHHQ�IRXQG�LQ�VWXGLHV�WR�LPSURYH
'1$�UHSDLU�LQ�UHJDUGV�WR�SDQFUHDWLF�KHDOWK��:KLOH�HDUO\�VWXGLHV�OLQNHG�$70�JHQH�YDULDQWV�WR�EUHDVW�KHDOWK��IXUWKHU�UHVHDUFK�KDV
VKRZQ�FRQIOLFWLQJ�UHVXOWV��ZLWK�$70�YDULDQWV�EHLQJ�SRWHQWLDOO\�RQO\�EHLQJ�UHOHYDQW�ZKHQ�FRXSOHG�ZLWK�RWKHU�JHQHV�OLNH�%5&$��
DQG�%5&$���DQG�IDPLOLDO�EUHDVW�FDQFHU�

'1$�UHSDLU�LV�QHHGHG�ZKHQ�FHOOV�DUH�KDUPHG�E\�VXQEXUQV��FKHPLFDOV��WR[LQV�DQG�VWUHVV��(IILFLHQW�UHSDLU�RI�GDPDJHG�'1$
VWUDQGV�KHOSV�PDLQWDLQ�WKH�VWDELOLW\�RI�WKH�FHOO
V�JHQHWLF�'1$��'1$�UHSDLU�HQ]\PHV�DUH�W\SLFDOO\�ZRUNLQJ�SRRUO\�LQ�IDPLOLHV�ZLWK
D�ORW�RI�FDQFHU�DQG�UHTXLUH�PRUH�VXSSRUW��1XWULWLRQ�SOD\V�D�PDMRU�UROH�LQ�'1$�UHSDLU�HQ]\PHV�

3DQFUHDWLF�+HDOWK

7KH�ULVN�IRU�SDQFUHDWLF�FDQFHU�JRHV�XS�ZLWK�GLDEHWHV��2QH�VWXG\�IRXQG�WKDW�FRPSDUHG�WR�QRQ�GLDEHWLFV�ZLWK�WKH�$70�'����1
QRUPDO�**�JHQRW\SH��GLDEHWLFV�FDUU\LQJ�WKH�$70�'����1�*$�$$�JHQRW\SHV�KDG�PRUH�WKDQ�WULSOH�WKH�ULVN�RI�GHYHORSLQJ
SDQFUHDWLF�FDQFHU��7KLV�PDNHV�VWDELOL]LQJ�EORRG�VXJDU�D�SULRULW\�

6WXGLHV�KDYH�IRXQG�WKDW�D�KLJK�GLHWDU\�LQWDNH�RI�IUHVK�IUXLW�DQG�YHJHWDEOHV�UHGXFHG�WKH�ULVN�RI�GHYHORSLQJ�SDQFUHDWLF�FDQFHU��DQG
UHFHQW�HSLGHPLRORJLFDO�VWXGLHV�KDYH�DVVRFLDWHG�QXW�FRQVXPSWLRQ�ZLWK�D�SURWHFWLYH�HIIHFW�DJDLQVW�LW�

2QH�FRKRUW�VWXG\�IRXQG�D�VLJQLILFDQWO\�GHFUHDVHG�ULVN�RI�SDQFUHDWLF�FDQFHU�E\�����IRU�WKH�KLJKHVW�OHYHOV�RI�GLHWDU\�IRODWH
FRPSDUHG�ZLWK�WKH�ORZHVW��$QRWKHU�FRKRUW�IRXQG�WKDW�WKH�KLJKHVW�EORRG�IRODWH�OHYHOV�VKRZHG�D�VLJQLILFDQWO\�GHFUHDVHG�ULVN
FRPSDUHG�WR�WKH�ORZHVW��)ROLF�DFLG�VXSSOHPHQWV�GLG�QRW�VKRZ�D�SURWHFWLYH�HIIHFW�LQ�WKHVH�VWXGLHV�

5HYLHZ�\RXU�JHQHV�IRU�EORRG�VXJDU��LQVXOLQ��DQG�IRODWH�

%UHDVW�DQG�2YDULDQ�+HDOWK

,I�EUHDVW�FDQFHU�UXQV�LQ�\RXU�IDPLO\�DQG�\RX�KDYH�GRQH�%5&$�WHVWLQJ��WKH�IROORZLQJ�UHVHDUFK�ZLOO�EH�KHOSIXO�LQ�\RXU�QXWULWLRQ
SODQ��%5&$���DQG�%5&$���DUH�WXPRU�VXSSUHVVRU�JHQHV�WKDW�DUH�UHVSRQVLEOH�IRU�'1$�UHSDLU�DQG�OLQNHG�WR�EUHDVW�DQG�RYDULDQ
KHDOWK��,W�LV�WKH�UHGXFHG�IXQFWLRQ�ZLWK�FHUWDLQ�YDULDQWV�WKDW�FDXVHV�LPSDLUHG�'1$�UHSDLU��%5&$��DVVRFLDWHG�WXPRUV�FRPPRQO\
GLVSOD\�D�WULSOH�QHJDWLYH��71��SKHQRW\SH�ODFNLQJ�H[SUHVVLRQ�RI�HVWURJHQ�UHFHSWRU��(5���SURJHVWHURQH�UHFHSWRU��35��DQG
WKH�KXPDQ�HSLGHUPDO�JURZWK�IDFWRU�UHFHSWRU����+(5���

5HVHDUFK�KDV�IRXQG�WKDW�ZRPHQ�ZLWK�WKH�%5&$���DQG�%5&$���PXWDWLRQV�ZKR�FRQVXPHG�XS�WR����GLIIHUHQW�IUXLWV�DQG
YHJHWDEOHV�D�ZHHN��YDULHW\�LPSRUWDQW��VDZ�WKHLU�FDQFHU�ULVN�GLPLQLVK�E\�IXOO\����SHUFHQW��6HOHQLXP�DQG�FKROLQH�KDYH�ERWK�EHHQ
IRXQG�WR�LPSURYH�%5&$���DQG�%5&$���IXQFWLRQ�DQG�ORZHU�WKH�ULVN�RI�EUHDVW�FDQFHU��,RGLQH�DOVR�SOD\V�D�VSHFLDO�UROH�LQ�EUHDVW
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KHDOWK��&KHFN�\RXU�3(07�JHQH�IXQFWLRQ�WR�VHH�\RXU�QHHG�IRU�FKROLQH�

7KH�FRPSRXQG�OXWHROLQ�IRXQG�LQ�FHOHU\��EURFFROL��WK\PH�DQG�SDUVOH\�ZDV�IRXQG�LQ�DQLPDO�VWXGLHV�WR�NLOO�FDQFHU�FHOOV��VWRS�WULSOH�
QHJDWLYH�FHOOV�VSUHDGLQJ�WR�WKH�OXQJV�DQG�EORFN�VSUHDGLQJ�WKURXJKRXW�WKH�ERG\��$QRWKHU�VWXG\�IRXQG�WKDW�EOXHEHUU\�H[WUDFW
GHFUHDVHG�SUROLIHUDWLRQ�RI�WULSOH�QHJDWLYH�EUHDVW�FDQFHU�FHOO�OLQHV�

/LJQDQV�DUH�KLJKHVW�LQ�IOD[�VHHGV�DQG�UHVHDUFK�VKRZV�WKDW�ZRPHQ�ZKR�KDYH�WKH�KLJKHVW�OHYHO�RI�OLJQDQV�LQ�WKHLU�ERG\�KDYH�WKH
ORZHVW�ULVN�RI�EUHDVW�FDQFHU��,Q�SRVWPHQRSDXVDO�ZRPHQ��OLJQDQV�FDQ�FDXVH�WKH�ERG\�WR�SURGXFH�OHVV�DFWLYH�IRUPV�RI�HVWURJHQ�

$QLPDO�VWXGLHV�KDYH�VKRZQ�WKDW�ERWK�IOD[VHHG�RLO�DQG�OLJQDQV�FDQ�UHGXFH�EUHDVW�WXPRU�JURZWK�DQG�VSUHDG��HYHQ�IRU�(5
QHJDWLYH�FDQFHU�FHOOV��2QH�VWXG\�LQ�PLFH�FRQFOXGHG�WKDW�IOD[VHHG�LQKLELWHG�WKH�JURZWK�RI�KXPDQ�HVWURJHQ�GHSHQGHQW�EUHDVW
FDQFHU�

$QRWKHU�VWXG\�IRXQG�WKDW�HQRNL�PXVKURRP�H[WUDFW�ZDV�VKRZQ�WR�LQKLELW�WKH�JURZWK�RI�ERWK�HVWURJHQ�UHFHSWRU�SRVLWLYH��(5��
0&)���DQG�HVWURJHQ�UHFHSWRU�QHJDWLYH�KXPDQ�EUHDVW�FDQFHU�FHOO�OLQHV��)XUWKHUPRUH��WKH�H[WUDFW�LQKLELWHG�EUHDVW�FDQFHU�FHOO
FRORQ\�IRUPDWLRQ�E\�����

3URVWDWH�(65�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

(65��UV������� +HWHUR]\JRXV�$*

5HFDS

,PSURYHV�(56��*HQH�)XQFWLRQ��3K\WRHVWURJHQ�IRRGV��PLON�WKLVWOH��DSLJHQLQ��DQG
LRGLQH� �

'HFUHDVHV�(56��*HQH�)XQFWLRQ��2EHVLW\��%3$�SODVWLF��XQILOWHUHG�WDS�ZDWHU��DWUD]LQH
�VSUD\HG�RQ�JROI�FRXUVHV��ODZQV��QRQ�RUJDQLF�FRUQ�DQG�QRQ�RUJDQLF�ZKHDW���GLR[LQV
�EOHDFKHG�SURGXFWV��QRQ�RUJDQLF�DQLPDO�IDWV��DQG�SKWKDODWHV��PDQ\�FKHPLFDOO\�EDVHG
SHUVRQDO�FDUH�SURGXFWV��

35267$7(�(65�

7KH�(5�EHWD�HVWURJHQ�UHFHSWRU�KDV�IHDWXUHV�RI�D�WXPRU�VXSSUHVVRU�JHQH�DQG�LV�VWURQJO\�H[SUHVVHG�LQ�WKH�EUHDVW��ERQH�
FDUGLRYDVFXODU�V\VWHP��XWHUXV��EODGGHU��SURVWDWH��OXQJ��RYDULDQ�FHOOV��DQG�WHVWLFXODU�FHOOV�

(56��LV�KLJKO\�H[SUHVVHG�LQ�WKH�SURVWDWH��DQG�WKH�H[SUHVVLRQ�GHFOLQHV�ZKHQ�WKH�SURVWDWH�EHFRPHV�HQODUJHG�DQG�ZLWK�FDQFHURXV
SURVWDWH�FHOOV��'LHWDU\�SK\WRHVWURJHQV�DUH�D�FRQVLVWHQW�VRXUFH�RI�GHEDWH�IRU�KHDOWK�EHQHILWV�DQG�FRQFHUQV�LQ�WKH�VFLHQWLILF
FRPPXQLW\�IRU�PHQ�DQG�ZRPHQ��3K\WRHVWURJHQV�FDQ�ELQG�WR�HVWURJHQ�UHFHSWRUV�DQG�H[HUW�ERWK�HVWURJHQLF�DQG�DQWL�HVWURJHQLF
HIIHFWV�GHSHQGLQJ�RQ�WKH�WLVVXH��DQG�WKH�VLJQDOLQJ�SDWKZD\V�GLIIHU�IURP�HVWURJHQ�

,Q�D�FDVH�FRQWURO�VWXG\�LQ�6ZHGHQ�IURP�������WKH�RYHUDOO�GHFUHDVHG�ULVN�RI�SURVWDWH�FDQFHU�RI�FDUULHUV�RI�WKH�YDULDQW�DOOHOH�RI
(65���UV���������ZDV�DOPRVW�����ZLWK�D�KLJK�SK\WRHVWURJHQ�GLHWDU\�LQWDNH��EXW�QRW�OLJQDQV��FRPSDUHG�WR�PHQ�ZLWK�D�ORZ
SK\WRHVWURJHQ�LQWDNH��ZKHUHDV�QR�VXFK�DVVRFLDWLRQ�ZDV�IRXQG�DPRQJ�PHQ�ZLWK�WKH�ZLOG�W\SH�JHQRW\SH�

3K\WRHVWURJHQV�FDQ�ERWK�ELQG�WR�HVWURJHQ�UHFHSWRUV�DQG�VWLPXODWH�VH[�KRUPRQH�ELQGLQJ�JOREXOLQ��6+%*��SURGXFWLRQ��FKDQJLQJ
WKH�DPRXQW�RI�����HVWUDGLRO�RU�WHVWRVWHURQH�LQ�FLUFXODWLRQ��3K\WRHVWURJHQV�DUH�DOVR�DEOH�WR�LQKLELW�SURWHDVRPH��ZKLFK�DSSHDUV
HVVHQWLDO�IRU�EUHDVW�FDQFHU�FHOO�VXUYLYDO��$SLJHQLQ���D�IODYRQRLG�IRXQG�LQ�FHOHU\�DQG�SDUVOH\���KDV�EHHQ�IRXQG�WR�EH�FDSDEOH�RI
LQKLELWLQJ�SURWHDVRPHV��OHDGLQJ�WR�WKH�VWDELOL]DWLRQ�RI�(56��DQG�DSRSWRVLV�RI�SURVWDWH�FDQFHU�FHOOV�

7KH�PDLQ�VRXUFHV�RI�SK\WRHVWURJHQV�LQ�WKH�VWXG\�ZHUH�IOD[VHHG��U\H�EUHDG��ZKHDW�EUHDG��FHUHDOV��EHUULHV��VR\��DQG�RWKHU�EHDQV�
5HVHDUFKHUV�FRQFOXGHG�WKDW�SK\WRHVWURJHQV�DQG�WKH�(56��JHQH�LQWHUDFW�V\QHUJLVWLFDOO\�LQ�D�IUDFWLRQ�RI�WKH�SRSXODWLRQ�ZLWK�WKH
KHWHUR]\JRXV�RU�KRPR]\JRXV�JHQRW\SH��UV���������E\�UHSUHVVLQJ�DQGURJHQ�UHFHSWRUV��LQKLELWLQJ�DQGURJHQ�GULYHQ�SUROLIHUDWLRQ�

,RGLQH�PRGXODWHV�WKH�HVWURJHQ�SDWKZD\�DQG�UHVHDUFK�KDV�VKRZQ�WKDW�WKHUH�LV�D�ORZ�LQFLGHQFH�RI�FDQFHUV�RI�WKH�SURVWDWH�
HQGRPHWULXP��RYDU\��DQG�EUHDVW�LQ�SRSXODWLRQV�FRQVXPLQJ�GLHWV�ZLWK�D�KLJK�LRGLQH�FRQWHQW��$GGLWLRQDOO\��D�*HUPDQ�VWXG\
SHUIRUPHG�RQ�PHQ�ZLWK�SURVWDWH�FDQFHU�IRXQG�D�VLJQLILFDQW�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�YLWDPLQ�.��FRQVXPSWLRQ�DQG�DGYDQFHG
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SURVWDWH�FDQFHU�

$�FRPELQHG�DQDO\VLV�RI�&<3�$���&<3�$���&<3�$���&<3�%���6+%*��DQG�&207�FRXOG�JLYH�PRUH�LQVLJKW�LQWR�LQGLYLGXDO
HVWURJHQ�PHWDEROLVP�

'1$�5HSDLU�0'0�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

0'0��UV������� +RPR]\JRXV�**

5HFDS

,PSURYHV�0'0��*HQH�)XQFWLRQ��9LWDPLQ�&��QLDFLQ��]LQF��YLWDPLQ�'�DQG�VHOHQLXP� � 'HFUHDVHV�0'0��*HQH�)XQFWLRQ��([FHVVLYH�VXQ�H[SRVXUH�LQ�IHPDOHV�

'1$�5(3$,5�0'0�

5HVHDUFK��8QOLNH�7S����WKH�UHVHDUFK�IRXQG�WKDW�0'0��YDULDQWV�GLG�QRW�FRUUHODWH�ZLWK�ODWLWXGH�DQG�WHPSHUDWXUH��+RZHYHU��WKH
YDULDQWV�GLG�FRUUHODWH�ZLWK�89�UDGLDWLRQ�

7KH�UHVHDUFKHUV�WKHRUL]HG�WKDW�DV�SHRSOH�PRYHG�RXW�RI�$IULFD�DQG�LQWR�$VLD��WKH�ORZHU�OHYHOV�RI�'1$�GDPDJLQJ�89�OLJKW�PHDQW
WKH\�FRXOG�DIIRUG�WR�KDYH�OHVV�S���LQ�WKHLU�FHOOV��ZKLFK�LV�EHWWHU�IRU�SUHJQDQF\��+RZHYHU��IHPDOHV��EXW�QRW�PDOHV��ZLWK�WKH�**
JHQRW\SH�DQG�ORZHU�S���PD\�KDYH�OHVV�'1$�GDPDJH�SURWHFWLRQ�

,I�PHODQRPD�UXQV�LQ�\RXU�IDPLO\��\RX�DUH�IHPDOH�DQG�7S���LV�KRPR]\JRXV��\RX�PD\�QHHG�WR�EH�PRUH�SUXGHQW�DERXW�DYRLGLQJ
H[FHVVLYH�VXQ�H[SRVXUH�DQG�LQFUHDVLQJ�YLWDPLQ�&�DQG�QLDFLQ�

'DQGHOLRQ�URRW�H[WUDFW�KDV�EHHQ�IRXQG�WR�LQGXFH�DSRSWRVLV��FHOO�GHDWK��LQ�KXPDQ�PHODQRPD�FDQFHU�FHOOV�WKDW�ZHUH�FKHPR�
UHVLVWDQW��$VKZDJDQGKD�URRW�H[WUDFW�LV�DQRWKHU�KHUE�WKDW�KDV�EHHQ�IRXQG�WR�LQGXFH�DSRSWRVLV�LQ�PHODQRPD�FHOOV�

$�VWXG\�IURP������IRXQG�WKDW�YLWDPLQ�&�FRXOG�UH�SURJUDP�PHODQRPD�FHOOV�DQG�SRWHQWLDOO\�EH�DQ�HSLJHQHWLF�WUHDWPHQW�IRU
PHODQRPD��$QRWKHU�VWXG\�IRXQG�WKDW�YLWDPLQ�'��DQG�WKH�9'5�UHFHSWRU�KDYH�D�UROH�LQ�WKH�UHJXODWLRQ�RI�0'0��JHQH�H[SUHVVLRQ�

/RQJHYLW\�6,57�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

6,57��UV������� :LOG�7\SH�$$

5HFDS

,PSURYHV�6,57��*HQH�)XQFWLRQ��([HUFLVH��IDVWLQJ������KRXUV�RI�VOHHS�SHU�QLJKW�
VDXQD��SRO\SKHQROV��YLWDPLQ�'��RPHJD���IDWW\�DFLGV��UHVYHUDWURO��PDJQHVLXP��DQG
PHODWRQLQ�

� 'HFUHDVHV�6,57��*HQH�)XQFWLRQ��7KH�$32(�H��JHQRW\SH��KLJK�EORRG�VXJDU��DQG
LQVXOLQ�UHVLVWDQFH�

/21*(9,7<�6,57�

5HVHDUFK��6,57��UHJXODWHV�QXPHURXV�JHQHV�WKDW�DFFHOHUDWH�WKH�DJLQJ�SURFHVV��PRGXODWH�'1$�UHSDLU�PHFKDQLVPV�DQG
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WUDQVFULSWLRQ�IDFWRUV�OLNH�S����WXPRU�VXSSUHVVRU�JHQH���)2;2V��NH\�UHJXODWRUV�RI�OLSLG�PHWDEROLVP��VWUHVV�UHVLVWDQFH��DQG
DSRSWRVLV��DQG�LQKLELWV�1)�NE��D�SDWKZD\�FRQQHFWHG�WR�YLUDO�LQIODPPDWLRQ�

6,57��DFWLYLW\�JRHV�GRZQ�DV�ZH�DJH��DQG�'1$�GDPDJH�DFFXPXODWHV��DQG�LWV�DFWLYLW\�LV�HVSHFLDOO\�KDUPHG�E\�D�VHGHQWDU\
OLIHVW\OH��SRRU�GLHW��DQG�REHVLW\��$FWLYDWLRQ�RI�VLUWXLQV�LQGXFHV�WKH�JURZWK�RI�EORRG�YHVVHOV��LQVXOLQ�VHQVLWLYLW\�DQG�EHWWHU�JOXFRVH
FRQWURO��DQG�RWKHU�KHDOWK�EHQHILWV�LQ�D�ZLGH�UDQJH�RI�DJH�UHODWHG�FDUGLRYDVFXODU�DQG�PHWDEROLF�GLVHDVH�PRGHOV��([SHULPHQWDO
PRGHOV�KDYH�VKRZQ�WKDW�LQFUHDVLQJ�WKH�DFWLYLW\�RI�WKH�VLUWXLQV�LV�DVVRFLDWHG�ZLWK�WKH�GHOD\�RI�DJH�UHODWHG�GLVHDVHV�DQG
SRWHQWLDOO\�LQFUHDVLQJ�ORQJHYLW\�

5HVHDUFKHUV�KDYH�REVHUYHG�D�VLJQLILFDQW�LQFUHDVH�LQ�6,57��OHYHOV�LQ�ORQJHYLW\�SRSXODWLRQV�DQG�IRXQG�D�VLJQLILFDQW�SRVLWLYH
FRUUHODWLRQ�EHWZHHQ�6,57��OHYHOV�DQG�DJH�LQ�D�7XUNLVK�SRSXODWLRQ��7KH�ROGHVW�SHRSOH�FDUU\LQJ�$*�JHQRW\SHV�IRU�UV��������KDG
WKH�KLJKHVW�6,57��OHYHO�FRPSDUHG�WR�WKH�$$�JHQRW\SH��VXJJHVWLQJ�DQ�DVVRFLDWLRQ�EHWZHHQ�UV��������613�DQG�OLIHVSDQ
ORQJHYLW\�

7KH�DYHUDJH�DJH�RI�ROGHU�SHRSOH�FDUU\LQJ�$*�JHQRW\SH�������c�����\HDUV��ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�DYHUDJH�DJH�RI�ROGHU
SHRSOH�FDUU\LQJ�$$�JHQRW\SH�������c�����\HDUV��

<RXU�$32(�JHQRW\SH�PD\�DOVR�DIIHFW�6,57��DFWLYLW\�IRU�ORQJHYLW\��5HVHDUFK�IURP�WKH�%XFN�,QVWLWXWH�JURXS�IRXQG�WKDW�$32(�H�
UHGXFHG�H[SUHVVLRQ�RI�6,57���7KH�UHGXFHG�H[SUHVVLRQ�RI�6,57��ZDV�WKRXJKW�WR�LPSDLU�EHWD�DP\ORLG�FOHDUDQFH�REVHUYHG�LQ
$O]KHLPHU
V��,I�\RX�KDYH�WKH�$32(�H��DOOHOH��WKH�$$�6,57��JHQRW\SH�PD\�UHTXLUH�PRUH�6,57��DFWLYDWLRQ�

3RO\SKHQROV�DUH�DFWLYDWRUV�RI�6,57��DQG�FRQWDLQ�DQWL�LQIODPPDWRU\�DQG�DSRSWRVLV�SURSHUWLHV��7KHVH�LQFOXGH�SLFHDWDQQRO��D
PHWDEROLWH�RI�UHVYHUDWURO���ROLYH�RLO��ILVHWLQ��VWUDZEHUULHV��DSSOHV��JUDSHV���TXHUFHWLQ��ZLQH��SHSSHUV��EHUULHV��DSSOHV��DQG
UHVYHUDWURO��ZLQH��EODFNEHUULHV��EOXHEHUULHV��SLVWDFKLRV�DQG�GDUN�FKRFRODWH��

2WKHU�DFWLYDWRUV�RI�6,57��WKDW�DOVR�EHQHILW�WKH�$32(�H��FDUULHUV�LQFOXGH�PDJQHVLXP��PHODWRQLQ��YLWDPLQ�'��DQG�RPHJD���IDWW\
DFLGV��2QH�VWXG\�IRXQG�WKDW�FHQWHQDULDQV��WKRVH�OLYLQJ�RYHU������KDYH�KLJKHU�WRWDO�ERG\�PDJQHVLXP�DQG�ORZHU�FDOFLXP�OHYHOV
WKDQ�PRVW�HOGHUO\�SHRSOH�

*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

$70�'����1
$70�FRRUGLQDWHV�'1$�UHSDLU
E\�DFWLYDWLQJ�HQ]\PHV�WKDW
IL[�GRXEOH�VWUDQGHG�'1$

EUHDNV�

$70�'����1�
UV������� $*

(65�
(65��DFWV�DV�D�WXPRU

VXSSUHVVRU�JHQH�WKDW�FRGHV
IRU�HVWURJHQ�UHFHSWRU�EHWD
�(5�EHWD���RQH�RI�WZR�PDLQ
W\SHV�RI�HVWURJHQ�UHFHSWRU

DFWLYDWHG�E\�HVWURJHQ��(65�
LV�VWURQJO\�H[SUHVVHG�LQ�WKH

SURVWDWH�

(65��UV������� $*

73��
73���LV�D�WXPRU�VXSSUHVVRU
JHQH�UHVSRQVLEOH�IRU�'1$

UHSDLU�

73���UV������� &&
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*HQH�	�*HQH�)XQFWLRQ *HQH�5VLG :LOG�7\SH +HWHUR]\JRXV +RPR]\JRXV

0'0�
9DULDQWV�LQ�WKH�0'0��JHQH

HQFRGH�D�SURWHLQ�WKDW
UHGXFHV�FHOOXODU�OHYHOV�RI�WKH

S���WXPRU�VXSSUHVVRU
SURWHLQ�

0'0��UV������� **

0/+�
0/+��FRGHV�IRU�D�'1$

UHSDLU�HQ]\PH�OLQNHG�WR�FRORQ
KHDOWK�

0/+��UV������� $*

*$7$�
*$7$��IDFWRUV�DUH�LQYROYHG
LQ�FHOOXODU�PDWXUDWLRQ�ZLWK
SUROLIHUDWLRQ�DUUHVW�DQG�FHOO

VXUYLYDO�

*$7$��UV������� **

6,57�
6,57��VHQVHV�FKDQJHV�LQ

LQWUDFHOOXODU�1$'��OHYHOV�DQG
SOD\V�D�UROH�LQ�'1$�GDPDJH

DQG�UHSDLU�

6,57��UV������� $$

;5&&�
;5&&��SDUWLFLSDWHV�LQ�'1$

GRXEOH�VWUDQG
EUHDN�UHFRPELQDWLRQ�UHSDLU�

;5&&��UV������ **
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0<�&/,1,&$/�5(6($5&+�6800$5<��&$5',29$6&8/$5
+($/7+�$1'�$7+/(7,&�3(5)250$1&(
3RZHU�DQG�5HFRYHU\�$&71�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

$&71��UV������� +HWHUR]\JRXV�&7

5HFDS

,PSURYHV�$&71��*HQH�)XQFWLRQ��1RW�DSSOLFDEOH�IRU�$&71�� � 'HFUHDVHV�$&71��*HQH�)XQFWLRQ��1RW�DSSOLFDEOH�IRU�$&71��

32:(5�$1'�5(&29(5<�$&71�

7KH�7��5��DOOHOH�LV�DVVRFLDWHG�ZLWK�HQKDQFHG�VWUHQJWK�DQG�WUDLQLQJ�DGDSWDWLRQ��LPSURYHG�SURWHFWLRQ�IURP�HFFHQWULF�WUDLQLQJ�
LQGXFHG�PXVFOH�GDPDJH��ORZHU�ULVN�RI�VSRUWV�LQMXU\��DQG�UHGXFHG�IUDLOW\�LQ�WKH�HOGHUO\��7HVWRVWHURQH�OHYHOV�ZHUH�DOVR�KLJKHU�LQ
PDOH�DQG�IHPDOH�DWKOHWHV�ZLWK�DW�OHDVW�RQH�5�DOOHOH�FRPSDUHG�WR�WKH�;;�JHQRW\SHV��:KHQ�VWUDWLILHG�E\�UDFH�DQG�JHQGHU�IRU
SRZHU�DWKOHWHV�LQ�D������PHWD�DQDO\VLV��$VLDQ�DQG�PDOH�DWKOHWHV�EHQHILWHG�WKH�PRVW�IURP�WKH�5;��7&��JHQRW\SH�

7KH�$&71��55�DQG�$&71��5;�JURXSV�KDYH�QRW�EHHQ�VLJQLILFDQWO\�GLIIHUHQW��LQGLFDWLQJ�WKDW�WKH�SUHVHQFH�RI�RQH�RU�WZR�5�DOOHOHV
GRHV�QRW�KDYH�D�GRVH�GHSHQGHQW�HIIHFW�RQ�����PHWHU�VSULQW�VSHHG�LQ�HOLWH�DWKOHWHV��+RZHYHU��WKHUH�ZDV�VRPH�HYLGHQFH�IRU�D
GRVH�HIIHFW�RI�WKH�$&71��5�DOOHOH�DQG�����PHWHU�VSULQW�VSHHG�LQ�HOLWH�PDOH�$IULFDQ�DWKOHWHV��7KH�$&71��55�LQGLYLGXDOV�KDG��RQ
DYHUDJH��D�IDVWHU�EHVW�SHUVRQDO�VSULQW�WLPH�WKDQ�$&71��5;�LQGLYLGXDOV�

+DYLQJ�WKH�5;�JHQRW\SH�PD\�UHSUHVHQW�WKH�EHVW�RI�ERWK�ZRUOGV�IRU�FROG�DGDSWDWLRQ��ORQJHYLW\��VWUHQJWK�WUDLQLQJ��DQG�H[HUFLVH
UHFRYHU\�

92��0D[�33$5*&�$
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

33$5*&�$�UV������� +HWHUR]\JRXV�&7

5HFDS

,PSURYHV�33$5*&�$�*HQH�)XQFWLRQ��$HURELF�H[HUFLVH��FROG�ZDWHU�H[SRVXUH�
DVKZDJDQGKD�DQG�HOHXWKHUR�URRW� � 'HFUHDVHV�33$5*&�$�*HQH�)XQFWLRQ��6HGHQWDU\�OLIHVW\OH�

92��0$;�33$5*&�$

5HVHDUFK��3HUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRU�JDPPD�FRDFWLYDWRU���DOSKD��33$5*&�$��LV�D�PDVWHU�UHJXODWRU�RI
PLWRFKRQGULDO�ELRJHQHVLV��PLWRFKRQGULDO�UHVSLUDWLRQ��VNHOHWDO�PXVFOH�ILEHU�WUDQVIRUPDWLRQ��IURP�IDVW�WR�VORZ�WZLWFK���JOXFRVH�DQG
IDWW\�DFLG�PHWDEROLVP��DQG�WKH�DQWL�R[LGDWLRQ�PDFKLQHU\��33$5*&�$�LV�H[SUHVVHG�LQ�FHOO�W\SHV�ZLWK�KLJK�R[LGDWLYH�IXQFWLRQ
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�KHDUW��VNHOHWDO�PXVFOH�VORZ�WZLWFK�ILEHUV��OLYHU��DQG�SDQFUHDV��DQG�LQ�EURZQ�DGLSRVH�WLVVXH�

6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�613V�LQ�33$5*&�$�DUH�DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�ORZHU�OHYHO�LQ�DHURELF�SRZHU��L�H���92�
PD[��LQ�LQVXOLQ�UHVLVWDQW�DQG�XQWUDLQHG�LQGLYLGXDOV�DV�ZHOO�DV�LQ�DWKOHWHV��+HDOWK\�XQWUDLQHG�DGXOWV�GLVSOD\�D�ODUJH�LQGLYLGXDO
YDULDWLRQ�LQ�92��PD[�WKDW�UDQJHV�IURP������WR�PRUH�WKDQ�����

5HVHDUFK�LQGLFDWHV�WKDW�WKH�H[HUFLVH�LQGXFHG�YDULDWLRQ�LQ�92��PD[�LV�����H[SODLQHG�E\�JHQHWLFV��,I�\RX�KDYH�KHWHUR]\JRXV�RU
KRPR]\JRXV�YDULDQWV�LQ�33$5*&�$��\RX�PD\�KDYH�D�QDWXUDOO\�ORZHU�92��PD[�IRU�DHURELF�H[HUFLVH�DQG�LQFUHDVHG�&53��&�
UHDFWLYH�SURWHLQ��OHYHOV�

7R�LQFUHDVH�92��PD[��FRQVLGHU�FROG�H[SRVXUH��6LQFH�PLWRFKRQGULD�DUH�ZKDW�JLYH�XV�WKH�DELOLW\�WR�XVH�R[\JHQ�LQ�RUGHU�WR
SURGXFH�FHOOXODU�HQHUJ\��WKH�PRUH�ZH�KDYH�WKH�PRUH�WKH�DHURELF�SRWHQWLDO�

&ROG�H[SRVXUH�DFWLYDWHV�WKH�33$5*&�$�JHQH�DQG�3*&���SURWHLQ��ZKLFK�PDNHV�PRUH�PLWRFKRQGULD�LQ�WKH�PXVFOH��2QH�VWXG\
IRXQG�WKDW����PLQXWH�H[SRVXUH�WR�FROG�ZDWHU����b)�RU���b&��IROORZLQJ�KLJK�LQWHQVLW\�UXQQLQJ��LQFUHDVHV�3*&���LQ�PXVFOH�WLVVXH�
$QRWKHU�VWXG\�IRXQG�WKDW�PHQ�WKDW�ZHUH�LPPHUVHG�LQ�FROG�ZDWHU�DW���b)����b&��IRU����PLQXWHV����WLPHV�D�ZHHN�IRU�IRXU�ZHHNV
DIWHU�UXQQLQJ�ZHUH�DEOH�WR�LQFUHDVH�PLWRFKRQGULDO�ELRJHQHVLV�RFFXUULQJ�LQ�WKHLU�PXVFOH�WLVVXH�

$GDSWRJHQV�DUH�DQRWKHU�ZD\�WR�LQFUHDVH�\RXU�92��PD[��2QH�VWXG\�IRXQG�WKDW�DVKZDJDQGKD�LQFUHDVHG�YHORFLW\��SRZHU��92�
PD[��ORZHU�OLPE�PXVFXODU�VWUHQJWK�DQG�QHXURPXVFXODU�FRRUGLQDWLRQ��$�VHFRQG�VWXG\�XVHG�HOLWH�,QGLDQ�F\FOLVWV�IRU���ZHHNV��2QH
JURXS�UHFHLYHG����PJ�RI�WKH�URRW�H[WUDFW��[�D�GD\��ZKLOH�WKH�RWKHU�JURXS�UHFHLYHG�D�SODFHER��7KHUH�ZDV�VLJQLILFDQW
LPSURYHPHQW�LQ�WKH�H[SHULPHQWDO�JURXS�LQ�DOO�SDUDPHWHUV��QDPHO\��92��PD[�DQG�WLPH�IRU�H[KDXVWLRQ�RQ�WUHDGPLOO�

$�VWXG\�XVLQJ�HOHXWKHUR�URRW�IRXQG�WKDW�XVLQJ����PJ�IRU���ZHHNV�LQFUHDVHG�92��PD[�RI�E\������HQGXUDQFH�WLPH�LPSURYHG
�����WKH�KLJKHVW�KHDUW�UDWH�LQFUHDVHG�����DQG�PHWDEROLVP�ZDV�DOWHUHG�ZKLFK�VSDUHG�JO\FRJHQ�VWRUDJH��7KH�VWXG\�FRQFOXGHG
WKDW�gWKLV�ZDV�WKH�ILUVW�ZHOO�FRQGXFWHG�VWXG\�WKDW�VKRZV�WKDW���ZHHN�(6�VXSSOHPHQWDWLRQ�HQKDQFHV�HQGXUDQFH�FDSDFLW\�
HOHYDWHV�FDUGLRYDVFXODU�IXQFWLRQV�DQG�DOWHUV�WKH�PHWDEROLVP�IRU�VSDULQJ�JO\FRJHQ�LQ�UHFUHDWLRQDOO\�WUDLQHG�PDOHV�h

0XVFOH�5HFRYHU\�,/�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

,/��UV������� +HWHUR]\JRXV�&*

5HFDS

,PSURYHV�,/��*HQH�)XQFWLRQ��:KH\�SURWHLQ��FROG�ZDWHU�LPPHUVLRQ��$PHULFDQ
JLQVHQJ��FXUFXPLQ��DOOLFLQ��RSWLPDO�WHVWRVWHURQH�OHYHOV��YLWDPLQ�&��DQG�FROODJHQ
SURWHLQ�

� 'HFUHDVHV�*HQH�)XQFWLRQ��/RZ�WHVWRVWHURQH��PHQ���GHSUHVVLRQ��REHVLW\��EDFWHULDO
RYHUJURZWK�DQG�ZRUNRXW�URXWLQHV�ZLWKRXW�HQRXJK�UHFRYHU\�GD\V�

086&/(�5(&29(5<�,/�

5HVHDUFK��([HUFLVH�LQFUHDVHV�,/��F\WRNLQHV�HYHQ�ZKHQ�PXVFOH�GDPDJH�KDVQ
W�RFFXUUHG��,W�LV�SURGXFHG�LQ�ODUJH�DPRXQWV�GXULQJ
KHDY\�ZHLJKW�OLIWLQJ�DQG�HQGXUDQFH�UDFHV��7KH�&*�JHQRW\SH�LV�PRUH�FRPPRQ�LQ�VSULQW�DQG�SRZHU�DWKOHWHV�FRPSDUHG�WR
HQGXUDQFH�DQG�QRQ�DWKOHWHV�

&�DOOHOH�FDUULHUV�RI�WKH�,/��613�KDYH�EHHQ�IRXQG�WR�KDYH�KLJKHU�FUHDWLQH�NLQDVH�YDOXHV��D�PDUNHU�RI�PXVFOH�GDPDJH��IROORZLQJ
H[HUFLVH�FRPSDUHG�ZLWK�**�KRPR]\JRWHV�

7KH�KLJKHVW�SRVW�H[HUFLVH�FUHDWLQH�NLQDVH�OHYHOV�DUH�IRXQG�DIWHU�SURORQJHG�H[HUFLVH�VXFK�DV�XOWUD�GLVWDQFH�PDUDWKRQ�UXQQLQJ�
ZHLJKW�OLIWLQJ�DQG�GRZQKLOO�UXQQLQJ�

7R�DFFHOHUDWH�UHFRYHU\��ZKH\�SURWHLQ��FROG�ZDWHU�LPPHUVLRQ��$PHULFDQ�JLQVHQJ��FXUFXPLQ��RSWLPDO�WHVWRVWHURQH�OHYHOV��YLWDPLQ
&�DQG�FROODJHQ�SURWHLQ�KDYH�DOO�EHHQ�IRXQG�WR�DWWHQXDWH�FUHDWLQH�NLQDVH�OHYHOV�

5HVHDUFK�KDV�DOVR�IRXQG�WKDW�SXUSOH�VZHHW�SRWDWRHV��FUDQEHUULHV��EOXHEHUULHV�DQG�EHHW�URRW�MXLFH�KDYH�YHULILHG�KHDOWK�
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SHUIRUPDQFH�HQKDQFLQJ��DQG�H[HUFLVH�UHFRYHU\�EHQHILWV�

3HUKDSV�WKH�PRVW�SURPLVLQJ�UHVXOWV�KDYH�FRPH�IURP�WZR�VHSDUDWH�VWXGLHV�VKRZLQJ�GHFUHDVHG�PXVFOH�VRUHQHVV�DQG�LQFUHDVHG
UHFRYHU\�IURP�FKHUU\�MXLFH�DQG�GHK\GUDWHG�FKHUU\�VXSSOHPHQWV��2QH�RI�WKHVH�VWXGLHV�KDG�VXEMHFWV�SHUIRUP�WHQ�VHWV�RI�WHQ
UHSHWLWLRQV�DW�����RI�D���50�EDFN�VTXDW��7KH�UHVHDUFKHUV�IRXQG�WKDW�0RQWPRUHQF\�SRZGHUHG�WDUW�FKHUU\�VXSSOHPHQWDWLRQ
XVHG�GDLO\�DQG����KRXUV�SRVW�ZRUNRXW�VLJQLILFDQWO\�ORZHUHG�PXVFOH�VRUHQHVV�VWUHQJWK�GHFUHPHQW�GXULQJ�UHFRYHU\��DQG�PDUNHUV
RI�PXVFOH�FDWDEROLVP�WKURXJKRXW�WKH����KRXU�SRVW�OLIWLQJ�UHFRYHU\�SHULRG�FRPSDUHG�WR�SODFHER�

0XVFOH�,QMXU\�&2/�$�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

&2/�$��UV������� :LOG�7\SH�&&

5HFDS

,PSURYHV�&2/�$��*HQH�)XQFWLRQ��9LWDPLQ�&��]LQF��FRSSHU��JO\FLQH��SUROLQH��O\VLQH
DQG�%���DOO�SUHFXUVRUV�WR�FROODJHQ�SURGXFWLRQ��DQG�FU\RWKHUDS\� � 'HFUHDVHV�&2/�$��*HQH�)XQFWLRQ��'HILFLHQFLHV�LQ�YLWDPLQ�&��]LQF��FRSSHU��JO\FLQH�

SUROLQH��O\VLQH��%��DQG�H[FHVVLYH�16$,'�XVH�

086&/(�,1-85<�&2/�$�

5HVHDUFK��$FFRUGLQJ�WR�RQH�VWXG\��WKH�JHQH�HQFRGLQJ�IRU�WKH�DOSKD��FKDLQ�RI�W\SH�,�FROODJHQ��&2/�$���KDV�EHHQ�VKRZQ�WR�EH
DVVRFLDWHG�ZLWK�FUXFLDWH�OLJDPHQW�UXSWXUHV�DQG�VKRXOGHU�GLVORFDWLRQV�

<RX�KDYH�WKH�&&�JHQRW\SH�IRU�&2/�$���ZKLFK�ORZHUV�WKH�SURGXFWLRQ�RI�7\SH���FROODJHQ��$SSUR[LPDWHO\�����RI�FROODJHQ�LQ�WKH
ERG\�LV�7\SH�,��7\SH�,�FROODJHQ�LV�IRXQG�LQ�WKH�VNLQ��WHQGRQV��FRUQHDV��OXQJV�DQG�LQ�����RI�ERQH�

$&/�UXSWXUHV�DUH�FRQVLGHUHG�WKH�PRVW�VHYHUH�LQMXU\�VXVWDLQHG�LQ�VSRUWV��7KH�$�YDULDQW�SURGXFHV�PRUH�&2/�$���7ZR�$$fV
UHGXFHG�ULVN�RI�$&/�UXSWXUH�E\�WHQ�WLPHV��ZKLOH�RQO\����RI�WKH�SRSXODWLRQ�KDYH�WZR�$$fV�

&U\RWKHUDS\�KDV�EHHQ�VKRZQ�WR�LQKLELW�KDUPIXO�FROODJHQDVH��DFWLYLW\�RQ�FROODJHQ�HQ]\PH�WKDW�EUHDNV�GRZQ�FROODJHQ��DQG�DOVR
GHFUHDVHG�WKH�SURGXFWLRQ�RI�LQIODPPDWRU\�(��VHULHV�SURVWDJODQGLQV��)RU�DWKOHWHV��FU\RWKHUDS\�SRVW�WUDLQLQJ�FRXOG�EH�D�XVHIXO
WRRO�WR�KHOS�SUHYHQW�LQMXULHV�

3HVWLFLGHV��+'/�DQG�/'/�321�
%HORZ�LV�D�VXPPDU\�RI�\RXU�PRVW�VLJQLILFDQW�YDULDQW�JHQRW\SHV�

*(1( *(127<3(

321��UV��� +HWHUR]\JRXV�&7

5HFDS

,PSURYHV�321��*HQH�)XQFWLRQ��2UJDQLF�IRRGV��FDOFLXP��PDJQHVLXP��ERURQ�
O\FRSHQH��DOSKD�OLSRLF�DFLG��JDPPD�OLQROHQLF�DFLG��EODFN�FXPLQ�VHHG�RLO���EURFFROL
VSURXWV��YLWDPLQV�(��%���%���%���%���VHOHQLXP��RPHJD���IDWW\�DFLGV��KLJK�TXDOLW\�ROLYH
RLO��SRO\SKHQROV��QDULQJHQLQ��TXHUFHWLQ��SRPHJUDQDWHV�DQG�DOFRKRO�LQ�PRGHUDWH
DPRXQWV����GULQN�IRU�ZRPHQ�DQG�����GULQNV�IRU�PHQ��

� 'HFUHDVHV�321��*HQH�)XQFWLRQ��3HVWLFLGHV��SURWRQ�SXPS�LQKLELWRUV��PHUFXU\�
FDOFLXP�GHILFLHQF\�DQG�KLJK�KRPRF\VWHLQH�
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3(67,&,'(6��+'/�$1'�/'/�321�

5HVHDUFK��3DUDR[RQDVHV��321���DUH�D�IDPLO\�RI�HQ]\PHV�LQYROYHG�LQ�EUHDNLQJ�GRZQ�FKHPLFDOV�LQFOXGLQJ�VHYHUDO�W\SHV�RI
SHVWLFLGHV�DQG�SKDUPDFHXWLFDO�GUXJV��7KH\�DUH�LQYROYHG�LQ�SURWHFWLQJ�ERWK�KLJK�DQG�ORZ�GHQVLW\�OLSRSURWHLQV�IURP�R[LGDWLRQ��DQ
LPSRUWDQW�PHFKDQLVP�LQ�DWKHURVFOHURVLV�DQG�KHDUW�GLVHDVH��7KH�UV����613�LV�WKH�PRVW�FOLQLFDOO\�UHOHYDQW�IRU�321���7KH�&�DOOHOH
LV�DOVR�NQRZQ�DV�WKH�g5h�DOOHOH�LQ�UHVHDUFK�VWXGLHV�DQG�LV�FRQQHFWHG�WR�DWKHURVFOHURVLV�DQG�KHDUW�GLVHDVH�

$������PHWD�DQDO\VLV�IRXQG�WKDW�FDUULHUV�RI�WKH�YDULDQW�5�DOOHOH�KDG�KLJKHU�OHYHOV�RI�R[LGL]HG�/'/��WULJO\FHULGHV��WRWDO�FKROHVWHURO�
DQG�ORZ�GHQVLW\�OLSRSURWHLQ�FKROHVWHURO�WKDQ�WKH�QRQ�FDUULHUV��7KLV�ZDV�PRVW�SURQRXQFHG�LQ�$VLDQV�DQG�FRURQDU\�KHDUW�GLVHDVH
SDWLHQWV��7KH�K\SRWKHVLV�LV�WKDW�GHFUHDVHG�OHYHOV�RI�321��DFWLYLW\�PD\�OHDG�WR�LQFUHDVHG�FLUFXODWLQJ�OHYHOV�RI�R[LGL]HG�/'/�DQG
UHGXFH�WKH�FDSDFLW\�RI�321��PHGLDWHG�LQKLELWLRQ�RI�/'/�&�R[LGDWLRQ�

0HUFXU\�DSSHDUV�WR�GHFUHDVH�321��IXQFWLRQ�DQG�OLYHU�H[SUHVVLRQ�RI�WKH�321��JHQH�LV�GRZQ�UHJXODWHG�LQ�PLFH�ZLWK�KLJK
KRPRF\VWHLQH��7KH�SURDWKHURJHQLF�HIIHFWV�RI�KRPRF\VWHLQH�PD\�LQYROYH�GHFUHDVHG�VHUXP�321��DFWLYLW\��OHDGLQJ�WR�LPSDLUHG
DQWLR[LGDQW�IXQFWLRQ�DQG�GHFUHDVHG�FDSDFLW\�WR�GHJUDGH�KRPRF\VWHLQH�WKLRODFWRQH�

7KH�DYDLODELOLW\�DQG�FDWDO\WLF�DFWLYLW\�RI�321��DUH�LPSDLUHG�LQ�PDQ\�FKLOGUHQ�ZLWK�$XWLVP�6SHFWUXP�'LVRUGHUV��PDNLQJ�WKHP
PRUH�VXVFHSWLEOH�WR�WKH�WR[LF�HIIHFWV�RI�SHVWLFLGH�UHVLGXHV�ZKLFK�DUH�PRVW�IUHTXHQWO\�IRXQG�RQ�JUDLQ�

7KH�UV����613�LV�WKH�PRVW�FOLQLFDOO\�UHOHYDQW�IRU�321���<RX�QHHG�WR�PDNH�VXUH�\RX�DUH�IRFXVLQJ�RQ�IRRGV�DQG�GULQNV�WKDW
LPSURYH�JHQH�IXQFWLRQ�

$OO�RI�WKH�YLWDPLQV��PLQHUDOV��DQG�FRPSRXQGV�LQ�WKH��,PSURYHV�321��*HQH�)XQFWLRQ��VHFWLRQ�KDYH�EHHQ�YHULILHG�LQ�UHVHDUFK�WR
LPSURYH�321��IXQFWLRQ��2QH�ZD\�WKDW�SRPHJUDQDWHV�SURWHFW�FDUGLRYDVFXODU�KHDOWK�LV�E\�DXJPHQWLQJ�QLWULF�R[LGH��,Q�RQH�VWXG\�
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FDUERK\GUDWH�LQWDNH�

$*75��UV���� $&
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