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Metabolics

Metabolism refers to all the chemical reactions that take place within each cell and are

essential for life. It involves many interconnected pathways that can be divided into anabolism

and catabolism. Anabolism uses energy to synthesise sugars, fats, proteins and nucleic acids,

whereas catabolism releases energy in the form of ATP (adenosine triphosphate), alongside

carbon dioxide, water and ammonia.

All living organisms, including humans, use their environment to survive by taking in nutrients

to support movement, growth, development and reproduction. Most are metabolically

flexible, enabling them to adapt to environmental changes and challenges such as scarcity of

nutrients (famine), cold and hot climates, and oxygen availability (high altitude).

In recent decades, many populations have experienced increased availability of high calorie-

low fibre, processed foods, which alongside decreased physical activity have contributed to

metabolic dysfunction, and ultimately metabolic syndrome (MetS). However, these conditions

are also affected by genetic make up, quality and composition of food, psychosocial stressors,

environmental pollutants and gut microbes. Indeed, over a billion people, about a quarter of

the world's population, is now affected by MetS – characterised by abdominal obesity, insulin

resistance, hypertension and hyperlipidemia; which can lead to type 2 diabetes,

cardiovascular and neurodegenerative diseases and cancer. 

This Metabolics report describes how nutrients are absorbed and metabolised, and the

genetic, nutrient and environmental factors that support metabolic flexibility or can lead to

dysfunction. It provides six interconnected personalised pathways and detailed results,

followed by a generic metabolics guide. The pathways covered are:

• Appetite regulation

• Nutrient sensing

• Sugar metabolism

• Fat metabolism

• Cholesterol and bile

• Mitochondria and inflammation
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Metabolics

Appetite Regulation
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Metabolics

Nutrient Sensing
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Metabolics

Sugar Metabolism
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Metabolics

Fat Metabolism
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Metabolics

Cholesterol and Bile
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Metabolics

Mitochondria and Inflammation
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Metabolics

Appetite Regulation

BDNF

rs6265

TC Lower brain-derived neurotrophic factor activity. Associated with

increased appetite and risk of overeating.

Increase BDNF with intense exercise, vitamin D, vitamin B3

(niacin), curcumin, green tea, DHA (a component of omega-3

fatty acid) and resveratrol.

FAAH

rs324420

AA Significantly lower FAAH activity (up to 50%) and slower

deactivation of cannabinoids, which may contribute to higher

levels. This can lead to higher ghrelin, increased appetite and

weight gain.

Limit intake of omega-6 fats which can increase cannabinoid

levels, snacking, and risk of over-eating. Oleic acid, in olive oil,

can help to regulate cannabinoids and ghrelin.

FTO

rs9939609

AT The A allele confers over-expression of FTO, subsequent increase

in ghrelin (hunger), and reduced satiety after meals. Preference

for calorie-dense (sweet and high fat) foods and increased risk of

obesity.

This SNP confers on average 3kg more than the wild genotype.

Proteins and complex carbohydrates are preferable to a high-fat

diet. Rhubarb and green tea are both FTO inhibitors.

LEPR

rs1137101

GA Lower sensitivity to leptin (the ‘satiety hormone’), resulting in

increased appetite, lower metabolism, and increased risk of

obesity.

Omega-3 fatty acids (in oily fish), exercise and sleep improve

leptin sensitivity.

MC4R

rs17782313

TT Normal (good) melanocortin receptor sensitivity. Good appetite

regulation and fat metabolism.

Also consider other SNPs on the pathway.

NPY

rs16139

CT The rare C allele confers significantly higher NPY and AgRP

activity, increased appetite (hunger) and decreased energy

expenditure (due to melanocortin inhibition). More ‘foraging’

behaviour towards food and alcohol.

NPY is increased in obesity, which can result in a vicious cycle. It

is also associated with maladaptive responses to stress (over or

under-eating).
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Metabolics

Appetite Regulation (continued)

POMC

rs1042571

GG Normal (not shortened) version of POMC (proopiomelanocortin)

and normal production of MSH peptides and appetite

regulation. Not associated with over-eating.

Low serotonin could inactivate POMC and increase appetite.
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Metabolics

Nutrient Sensing

ADIPOQ

rs1501299

TG The T allele confers lower adiponectin levels, and reduced AMPK

stimulation, glucose regulation and fat oxidation. Increased risk

of developing metabolic syndrome, cardiovascular disease and

type 2 diabetes.

Adiponectin levels can be increased by exercise (especially in

overweight individuals), ginger, curcumin, chilli peppers, garlic

and manganese.

FOXO3

rs2802292

TG The more active G allele is associated with insulin sensitivity,

better physical and cognitive function in older age, and less DNA

damage and cardiovascular disease, contributing to longer

healthspan and lifespan. Women are less dependent on the G

allele as FOXO3 is induced by oestrogen.

Curcumin, green tea catechins, resveratrol, astaxanthin and

beta-hydroxybutyric acid (induced by fasting or exercise) have

been shown to increase FOXO3 activity.

HIF1A

rs11549465

CC Normal increase of HIF1A in response to hypoxia (low oxygen),

and induction of erythropoiesis, inflammation and angiogenesis.

Less inhibition of (oxidative) aerobic fat metabolism, switch to

anaerobic glycolysis. But less effective repair and rejuvenation of

skin, hair and nerves after injury and ageing.

More resilient to hypoxia - high altitude, sleep apnea, asthma,

anaemia or carbon monoxide exposure. Hyperbaric oxygen

therapy can help to restore oxygen supply.

IRS1

rs1801278

CC Normal IRS1 activity, insulin sensitivity and glucose uptake. Not

associated with increased risk of type 2 diabetes or susceptibility

to insulin resistance. 

Plant based, low carbohydrate (glucose) and ketogenic diets

have been shown to reduce mTOR activity and support IRS1.

PARP1

rs1136410

AA Normal (relatively high) PARP1 activity and DNA repair. Shown as

amber as more risk of inaccurate DNA repair, inflammation and

metabolic inefficiency. Increased demand for NAD+ so less is

available for use by sirtuins and other functions.

NAD+ levels can be increased with niacin or NAD+ precursors

(NR and NMN). Vitamin D can help to decrease PARP1 activity.
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Metabolics

Nutrient Sensing (continued)

PGC1A

rs8192678

CC Normal (relatively high) PGC1A activity and - via PPARA, PPARG

and antioxidant genes - regulation of mitochondrial biogenesis

and metabolism. Promotes development of slow-twitch muscle

fibre - beneficial for endurance performance.

PGC1A expression can be induced by cold exposure - in brown

fat, by exercise - in skeletal muscle, and by fasting - in heart and

liver.

PPARA

rs1800206

CC Normal (relatively high) PPARA activity associated with more

efficient fat metabolism. Relatively low cholesterol and

triglycerides and reduced risk of type 2 diabetes.

PPARA can be further activated in response to fasting/ low

energy states, and promotes ketogenesis and glycolysis. Activity

can be increased by PUFAs, resveratrol and flavonoids. It is

inhibited by excess energy, particularly glucose.

PPARG

rs1801282

GC Lower PPARG activity, and less efficient fatty acid uptake and

storage. Associated with more opportunity for glucose uptake,

and lower risk of insulin resistance and type 2 diabetes.

This less ‘thrifty’ genotype is less likely to experience weight gain

on a high fat diet.

SIRT1

rs7895833

AA Wild (most common) genotype shown as amber due to relatively

low sirtuin 1 activity and less protection from metabolic

dysfunction - diabetes, obesity, cardiovascular,

neurodegenerative and other age-related diseases.

NAD+ and resveratrol have been shown to increase SIRT1

activity while excess nutrition (particularly high glucose),

oxidative stress and inflammation can suppress it.

VEGFA

rs2010963

GG Normal (not increased) VEGFA activity and vascularisation.

Protective against inflammation, vascular permeability (and

diabetic retinopathy) and tumour angiogenesis. Less beneficial

for endurance performance.

VEGFA can be increased with aerobic training, beetroot, citrulline

(watermelon) and arginine.
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Metabolics

Sugar Metabolism

AMPD1

rs17602729

GA Deficient AMPD1 gene. Reduced AMP recycling resulting in more

AMPK activity and increased glucose uptake. Lower risk of

insulin resistance, type 2 diabetes and heart disease. 

However, when energy demand is high, less ammonia is

produced to neutralise lactate. Greater muscle fatigue, cramps

and muscle pain during and after endurance exercise.

FABP2

rs1799883

CT The T allele confers increased fatty-acid binding and transport

into cells, which can crowd out glucose uptake. Increased risk of

high BMI, obesity, insulin resistance, hyperinsulinemia, and type

2 diabetes.

Ensure high intake of PUFAs and MUFAs and limit saturated fats.

Polyphenols, and especially carnosic acid (rosemary, sage),

inhibit FABP2 activity.

GCK

rs1799884

CC Normal glucokinase activity and conversion of glucose to G6P.

Retinoic acid and biotin are both cofactors of GCK.

GLUT2

rs11920090

AT The A allele confers lower GLUT2 activity and impaired glucose

sensing, which may impact insulin secretion and glucose

homeostasis. More risk of hyperglycemia, transition to diabetes

and hypercholesterolemia. Preference for sugar-containing

foods and higher intake.

Monitor blood glucose levels and avoid sugar rich meals. Regular

moderate to vigorous physical activity has been shown to

improve insulin sensitivity and beta cell function.

IRS1

rs1801278

CC Normal IRS1 activity, insulin sensitivity and glucose uptake. Not

associated with risk of type 2 diabetes.

PPARG

rs1801282

GC Lower PPARG activity, and less efficient fatty acid uptake and

storage. Associated with more opportunity for glucose uptake,

and lower risk of insulin resistance and type 2 diabetes.

This less ‘thrifty’ genotype is less likely to experience weight gain

on a high fat diet.
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Metabolics

Sugar Metabolism (continued)

TCF7L2

rs7903146

CC Normal expression of TCF7L2 and regulation of insulin release

and blood sugar.

Flavonoids, curcumin, green tea, resveratrol, lupeol, vitamin A

and lycopene can also help to regulate TCF7L2.
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Metabolics

Fat Metabolism

ADRB3

rs4994

GA The G allele confers lower adrenaline sensitivity, slower lipolysis

and fat metabolism. More fat accumulation, obesity and insulin

resistance. 

Diet and lifestyle interventios are less effective for weight loss.

Adrenaline, caffeine, water, fasting, cold exposure, HIIT, bananas,

chocolate and green tea can increase lipolysis.

CD36

rs1761667

AA Reduced fat transport into cells and less sensitive taste

perception. Greater liking for high-fat foods, creaminess and

increased risk of visceral obesity.

Obesity can downregulate CD36 further resulting in a vicious

cycle. See FTO genotype (Appetite Section).

CPT1A

rs2229738

CC Normal transport of fat into mitochondria and fat utilisation for

energy.

Carnitine can support CPT1A activity. A ketogenic diet may be

beneficial for weight loss.

FABP2

rs1799883

CT The T allele confers preferential fat transport into cells instead of

glucose. Increased risk of high BMI and obesity.

Ensure high intake of PUFAs and MUFAs and limit saturated fats.

Polyphenols, and especially carnosic acid (rosemary, sage),

inhibit FABP2 activity.

LPL

rs328

CC Normal LPL activity and break-down of triglycerides carried in

lipoproteins. This is shown as amber as it is less effective than

the more active variant (G allele).

Exercise (especially aerobic), lipid-lowering agents and statins

can promote LPL activity.

PLIN1

rs894160

CC Normal (high) expression of PLIN1 and protection from lipase

activity. Normal (not increased) rates of lipolysis and normal (not

reduced) risk of obesity. This is shown as amber because the

variant (T allele) is beneficial.

Normal weight loss response on an energy-restricted diet.
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Metabolics

Fat Metabolism (continued)

PPARA

rs1800206

CC Normal PPARA activity, fat metabolism and less risk of obesity. 

Resveratrol, isoflavones, flavonoids and PUFAs can increase

PPARA activity. A ketogenic diet may be beneficial for weight

loss.

SREBF1

rs11868035

AA Higher SREBF1 activity associated with higher LDL and total

cholesterol, and increased risk of coronary artery disease, type 2

diabetes and non-alcoholic fatty liver disease.

PUFAs - in oily fish, nuts and vegetable oils - inhibit SREBF1

activity while glucose increases it.
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Metabolics

Cholesterol and Bile

CYP7A1

rs3808607

TG The T allele confers slower break-down of cholesterol to bile

acids. Associated with increased cholesterol levels and lower bile

acid production.

Oats, taurine and green tea can support CYP7A1 activity and

help remove cholesterol.

HMGCR

rs12916

CC Normal (higher) conversion of HMG-CoA to mevalonate, and

synthesis of cholesterol, CoQ10 and vitamin D. Lower LDLR

sensitivity, higher risk of coronary artery disease than T allele

carriers, but decreased risk of type 2 diabetes.

To reduce cholesterol naturally, avoid trans and saturated fats,

increase exercise and omega-3 fats.

LDLR

rs6511720

GG Lower LDLR sensitivity and reduced LDL uptake. Most common

genotype - associated with higher circulating LDL and increased

risk of coronary heart disease. 

Increase intake of red grape juice (polyphenols), berberine and

omega-3 fats, and limit fructose which can cause glycation.

LDLR

rs688

TC The T allele confers lower LDLR sensitivity. Associated with

increased circulating LDL and increased risk of Alzheimer’s

disease (especially in men).

Increase intake of red grape juice (polyphenols), berberine and

omega-3 fats, and limit fructose which can cause glycation.

SREBF1

rs11868035

AA Increased SREBF1 activity, which promotes cholesterol synthesis.

Associated with higher LDL and total cholesterol, and increased

risk of coronary artery disease, type 2 diabetes and non-

alcoholic fatty liver disease.

Insulin (via mTOR) increases SREBF1 activity while PUFAs (oily

fish, nuts, vegetable oils) decrease it.
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Metabolics

Mitochondria and Inflammation

CAT

rs1001179

TT Reduced break-down of hydrogen peroxide which can lead to

increased free radicals. Associated with various conditions -

infertility in men (pathospermia), grey hair, increased risk of

cancer, diabetes and obesity. 

Support catalase with manganese - green vegetables,

wholegrain bread and cereal.

CRP

rs1205

CC Higher C-reactive protein activity associated with increased

inflammatory diseases - cardiovascular, high blood pressure,

diabetes and rheumatoid arthritis.

A Mediterranean diet (especially fish) is associated with lower

CRP levels. PUFAs can also reduce them.

FOXO3

rs2802292

TG The G allele confers higher antioxidant activity. Associated with

increased longevity.

Curcumin and green tea can further upregulate FOXO3 activity.

GPX1

rs1050450

AG The A allele confers decreased break-down of hydrogen

peroxide and antioxidant activity. Higher risk of

neurodegenerative diseases such as Alzheimer's and

Parkinson's, as well as increased risk of coronary heart disease,

type 2 diabetes and DNA damage. 

Support GPX1 with selenium (brazil nuts) and glutathione

(sulphur foods, melon).

IFN-gamma

rs2430561

AA Normal (not increased) immune response to infections and

normal metabolism.

An anti-inflammatory diet includes omega-3 (found in oily fish)

and brassica foods.

IL6

rs1800795

GG Increased inflammatory and autoimmune activity associated

with increased risk of type 2 diabetes, hyperglycaemia, obesity

and metabolic syndrome. 

Ensure intake of anti-inflammatory nutrients such as omega 3

fatty acids in oily fish, like sardines, salmon and mackerel.
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Metabolics

Mitochondria and Inflammation (continued)

NRF2

rs6721961

GG Normal (higher) activity of the master antioxidant regulator

NRF2.

Increase NRF2 activity with intermittent fasting, curcumin,

resveratrol, naringenin - in citrus peel, and cruciferous

vegetables including broccoli.

SIRT3

rs11555236

CC Normal activity (not increased) - fatty acid oxidation, ATP

synthesis, and antioxidant defence . Although this is the most

common genotype, it is reported amber due to increased risk of

metabolic dysfunction.

SIRT3 can be upregulated by caloric restriction, fasting, exercise

and cofactor NAD+. A high-fat diet and age reduce its

expression.

SOD2

rs4880

GA The G allele confers slower break-down of superoxide and

increased free radical damage. Increased risk of type 2 diabetes,

cardiovascular diseases and DNA damage.

Increase intake of manganese to support SOD2 activity and

antioxidants to reduce free radical damage. Rich sources of

manganese include whole grains, nuts, leafy vegetables and tea.

TNF

rs1800629

AG Increased immune response and susceptibility to various

inflammatory health conditions, including chronic fatigue,

metabolic syndrome, arthritis, asthma, migraine and

Alzheimer’s.

Reduce inflammation with curcumin, green tea, echinacea, and

omega-3 fatty acids found in oily fish.

UCP1

rs1800592

CT The C allele confers reduced thermogenesis activity. Associated

with promotion of energy storage, increased BMI and

development of obesity (especially lower body).

Purine nucleotides (high fructose corn syrup, seafood, organ

meat, alcohol) inhibit UCP1. It is induced by cold exposure as

well as leptin, exercise, adrenaline, green tea, cabbage, berries,

spinach and capsaicin.
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Metabolics

Mitochondria and Inflammation (continued)

UCP2

rs660339

GG Normal fat metabolism and ROS protection.

Capsaicin in chilli peppers, mustard and wasabi helps to

stimulate UCP2 as does moderate exercise. However, over-

training can generate excess ROS and inhibit energy production.

UCP3

rs1800849

GG UCP3 protects mitochondria from lipid-induced oxidative stress

by removing excess fatty acids. It is mainly expressed in skeletal

muscle. This genotype is associated with higher resting

metabolic rate and decreased risk of metabolic dysfunction.

Protective in the context of a high fat diet. UCP3 activity is

increased by exercise.
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Metabolics

A Guide to Metabolics

This guide contains detailed explanations of the pathways, genes and dietary/environmental factors

involved in metabolism. It looks at appetite regulation, nutrient sensing, sugar and fat metabolism,

cholesterol and bile synthesis, and mitochondrial function and inflammation.

Appetite Regulation

The brain plays an important role in food intake,

energy expenditure and body weight regulation.

The gut controls the brain's feeding behaviour

via hunger and satiety signals. These signals are

mediated by two opposing hormones – ghrelin

and leptin – which interact with the central

melanocortin system.

Ghrelin is commonly called the 'hunger

hormone' as it stimulates appetite, increases

food intake and promotes fat storage, via

receptors in the brain. As ghrelin is under

circadian control, it is higher in the morning

(daylight), prompting food seeking (foraging)

behaviour. 

Leptin is the 'satiety hormone' which inhibits

hunger after eating and stimulates metabolism.

Levels are higher in the evening (darkness) and

when they drop the brain interprets this as a

loss of energy and hunger increases.

In summary, ghrelin is associated with a low

energy, fasted state and leptin with a high

energy, fed state.

Low Energy, Fasted

FTO (fat mass and obesity-associated protein) is

commonly called the 'fat gene' due to its

connection with increased appetite. It is highly

expressed in the brain as well as the heart,

kidneys and fat cells. Over-expression of FTO,

due to genetic variance, is associated with lower

leptin levels, higher ghrelin levels, and an

increased preference for calorie-dense (sweet

and high fat) foods. A SNP on FTO has been

consistently associated with higher body fat,

BMI, waist circumference and obesity (on

average 3kg heavier). Rhubarb and green tea are

both FTO inhibitors.

Cannabinoids promote ghrelin, food intake and

energy accumulation. FAAH (fatty acid amide

hydrolase) metabolises endogenous

cannabinoids including AEA (N-

arachidonoylethanolamine, known as

anandamide) and 2-AG (2-arachidonoylglycerol)

which are involved in the perception of pain,

regulation of appetite and immune system

function. A SNP on FAAH has lower activity and

thus increased levels of cannabinoids. This can

confer increased appetite (higher ghrelin), food

intake and weight gain. Limit intake of omega-6

fats which can increase cannabinoid levels,

ghrelin driven foraging behaviour (snacking),

and risk of over-eating. Oleic acid, in olive oil,

can help to regulate cannabinoids and ghrelin.

NPY (neuropeptide Y) and AgRP (agouti-related

peptide) promote food consumption and energy

accumulation. They are stimulated by ghrelin

and inhibit the melanocortin pathway (via

MC4R), which together increase appetite.

Conversely, when energy is higher after eating,

neurons that express POMC

(proopiomelanocortin) are recruited to

antagonise the actions of NPY and AgRP to

reduce food intake and stimulate metabolism.

AgRP and POMC neurons compose a unique

neural circuit known as the melanocortin

system.

The NPY gene is expressed in the central

nervous system and influences many processes,

including stress response, food intake, circadian

rhythms, and cardiovascular function. A SNP

confers significantly higher NPY and AgRP

activity, increased appetite and decreased

energy expenditure. This is associated with more

'foraging' behaviour towards food and alcohol,

and greater risk of obesity and metabolic

dysfunction. NPY is increased in obesity, which

can result in a vicious cycle. It is also associated

with maladaptive responses to stress (over or

under-eating).

The conclusion of this pathway is hunger.
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Metabolics

High Energy, Fed

Leptin interacts via its receptor LEPR in the

brain, tells it there is enough energy, and sends

the message of satiety and suppression of

hunger. As adipocytes (fat cells) produce leptin,

greater adiposity (fatness) results in higher

leptin levels. This can lead to 'leptin resistance'

(loss of sensitivity of the receptor) so one never

feels full. Variances on the LEPR gene can have

the same effect – lower sensitivity to leptin and

reduced satiety. Leptin sensitivity can be

increased with omega-3 fatty acids, exercise and

sleep.

After activation by leptin, the POMC protein is

cut into smaller pieces including MSH

(melanocortin) peptides. A SNP on POMC can

result in a shorter version of the protein and

fewer MSH peptides and less binding to MC4R

(melanocortin-4 receptor), resulting in greater

interest in food and impaired satiety. A high

protein diet including tryptophan (in chicken and

almonds) and olive oil can increase POMC and

help reduce appetite. Serotonin activates POMC,

resulting in similar satiety effects as leptin. In

addition to negative impacts on mood and

mental health, low serotonin has been linked to

weight gain, obesity and diabetes. Insulin is also

an inducer of POMC, while palm oil inhibits it.

MC4R is an important regulator of energy

homeostasis, food intake and body weight via its

binding to BDNF (brain-derived neurotrophic

factor). A SNP on MC4R indicates a less sensitive

receptor, and weaker satiety signalling and

metabolism. It is the single most impactful

genetic polymorphism predisposing to obesity.

Carriers should limit portion size of meals,

choose smaller plates and avoid the buffet (and

seconds).

BDNF promotes growth, differentiation and

survival of neurons and synapses in the central

and peripheral nervous systems. In the

melanocortin system, BDNF plays an essential

role in regulating appetite and energy balance. A

SNP can reduce its activity and increase the risk

of obesity. BDNF can be increased by intense

exercise, vitamin D, curcumin, green tea, omega-

3-fatty acids and resveratrol.

The neurotransmitter dopamine also plays a

role in controlling eating behaviours, by

activating the melanocortin neuron.

The conclusion of this pathway is satiety.
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Nutrient Sensing

The mTOR (mechanistic target of rapamycin),

AMPK (AMP-activated protein kinase), and

sirtuin family of proteins play essential roles in

the regulation of metabolic stress and energy

balance, enabling biological adaptations in

response to environmental signals.

This section of the report describes how genetic

variances and environmental factors impact

these signalling pathways and balance

catabolism ('burn') and anabolism ('grow') to

support healthspan and longevity.

Catabolism 'Burn'

When energy levels are low, for example in a

fasted state, cells activate pathways to restore

energy (ATP) by stimulating glycolysis and

lipolysis and autophagy ('self-eating') – whereby

old proteins are broken down and recycled.

Adiponectin, coded by ADIPOQ, is a hormone

released by adipose tissue that initiates fat

burning and glucose uptake. This signal is

delivered via adiponectin receptors that activate

AMPK. A SNP on ADIPOQ confers lower

adiponectin levels, and higher risk of obesity,

cardiovascular disease, insulin resistance and

type 2 diabetes. Adiponectin can be increased by

exercise (especially in overweight individuals),

ginger, curcumin, chilli peppers, garlic and

manganese.

AMPK is key to maintaining the balance between

anabolism and catabolism according to nutrient

supply and energy demand. As its name

suggests, in response to high AMP (low energy),

AMPK stimulates glucose and fatty acid break-

down and promotes autophagy. And by blocking

mTOR inhibits protein synthesis and fat storage.

Given its impacts on appetite, insulin signalling,

fat and glucose homeostasis, body weight, and

mitochondrial biogenesis, AMPK is a major

therapeutic target for the treatment of type 2

diabetes, obesity and other metabolic diseases.

Low energy status may be due to low glucose,

fasting, exercise, hypoxia (low oxygen) or

damage to mitochondria. Mild mitochondrial

toxins including polyphenols – epigallocatechin

gallate (EGCG) in green tea, quercetin in red

onions, apples, berberine, curcumin, genistein in

soy beans, and metformin (the anti-diabetic

drug) can have a similar effect. Salicylate

(aspirin) is a direct activator of AMPK and acts

synergistically with other activators. Alpha-lipoic

acid (ALA) has been shown to activate AMPK by

increasing cellular calcium (Ca++). Finally, AMPK

is activated under conditions of oxidative stress

(ROS) independently of cellular ATP status.

The sirtuin (silent information regulator 2 (SIRT))

family of genes influence many biological

processes including DNA repair, energy

metabolism, autophagy, apoptosis and circadian

rhythm. In humans, SIRTs 1, 6 and 7 regulate

gene expression in the cell nucleus, SIRT2 is

active in the cytoplasm and SIRTs 3, 4 and 5 are

located in mitochondria where they regulate

metabolism.

SIRTs are induced by, and sensitive to, their

cofactor NAD+ and inhibited by NADH. Raised

NAD+ (relative to NADH) signals low cellular

energy (metabolic stress), similarly to AMP

(relative to ATP). As AMPK raises cellular NAD+

levels, the same conditions that induce AMPK

also stimulate SIRT1 activity. Conversely, excess

nutrition (particularly high glucose),

inflammation or insufficient NAD+ supply can

inhibit SIRT1.

SIRT1 regulates other genes, inhibiting p53

(tumour protein P53) and NF-KB (nuclear factor

kappa-beta), and inducing PGC1A (PPAR-gamma

coactivator 1-alpha), FOXO3 (forkhead box

protein O3) and SREBF1 (sterol regulatory-

element binding transcription factor 1) with

various effects on metabolism.

The DNA repair protein PARP1 (poly ADP-ribose

polymerase 1) also requires NAD+ as a cofactor,

and when DNA is damaged (by environmental

toxins, and ageing), increased PARP1 activity can

divert NAD+ supply away from SIRT1.

Conversely, up-regulation of SIRT1 can balance

excess PARP1 activity.

Moderately increased NAD+, AMPK and SIRT1

are considered beneficial to healthspan and

lifespan. Increased SIRT1 expression protects

against metabolic diseases such as diabetes,

obesity and cardiovascular disease.
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NAD+ (nicotinamide adenine dinucleotide) can

be synthesised from tryptophan or from

nicotinic acid, or from precursors – NAM

(nicotinamide), a form of vitamin B3 found in

yeast, meat, milk and green vegetables, NR

(nicotinamide riboside) and NMN (nicotinamide

mononucleotide). NAD+ deficiency can occur

due to excess consumption by PARP1, for

example, insufficient dietary intake, age and

genetic variance. Exercise has been shown to

reverse age-related declines in NAD+. In

laboratory conditions, supplementation with

NAD+ precursors (NR and NMN) has been

shown to be protective against age-related

diseases.

As a transcription factor, PGC1A (PPAR-gamma

coactivator 1-alpha) regulates other genes

including PPARA (PPAR-alpha), PPARG (PPAR-

gamma), SIRT3 and NRF (nuclear respiratory

factor). It is involved in mitochondrial biogenesis

fatty acid oxidation, glucose utilisation,

thermogenesis, angiogenesis and muscle fibre-

type conversion toward type I (slow-twitch) fibre.

Genetic variances on PGC1A are associated with

lower activity and greater risk of developing

obesity, and other symptoms of metabolic

syndrome.

Caloric restriction, fasting, exercise, ketogenic

(high-fat) diet, heat shock therapy (hot tubs,

heated pools and saunas), cold exposure, ROS

(reactive oxygen species) and other cellular

stressors can induce PGC1A, directly and via

SIRT1 and AMPK. 

PPARA is a major regulator of fat metabolism. It

is activated under conditions of energy

deprivation and is necessary for ketogenesis, an

adaptive response to fasting. It is active in

tissues that break down fatty acids – the liver,

cardiac, and skeletal muscle. PPARA expression

is higher in type I (slow-twitch) muscle, and

supports adaptive responses to endurance

training, including using fat for fuel. A SNP on

PPARA is associated with lower activity, and

higher risk of obesity. Resveratrol, isoflavones,

flavonoids and PUFAs (polyunsaturated fatty

acids) can help to increase PPARA function.

FOXO3 is an important regulator of genes

involved in cellular homeostasis, stress

response, and longevity. When energy is low,

SIRT1 induces FOXO3 which activates other

genes involved in gluconeogenesis, and

mitochondrial respiration, restoring cellar

energy levels. FOXO3 is also activated by

oxidative stress (ROS), hypoxia, heat shock, and

DNA damage, and induces antioxidant

compensatory activities. However, in cancer

cells, it can mediate cell survival upon

chemotherapy induced genotoxic stress.

A SNP on FOXO3 has been consistently and

significantly associated with better healthspan

and longevity. The more active version of the

gene confers higher insulin sensitivity, better

physical and cognitive function in older age, and

lower prevalence of cancer and cardiovascular

disease. Curcumin, green tea catechins,

resveratrol, astaxanthin, beta-hydroxybutyric

acid (induced by fasting or exercise), and

oestrogen have been shown to increase FOXO3

activity.

Anabolism 'Grow'

When energy levels are high (in a fed state), cells

can activate pathways to induce cell

maintenance and growth. Whilst growth is vital

for younger people, and maintenance is

important in mid and older age, excessive

nutrient intake can overstimulate mTOR with

detrimental effects. 

mTOR is a complex of proteins, including mTOR1

(the main target of rapamycin), and mTOR2,

which regulate growth and metabolism. mTOR

senses amino acids, glucose, growth factors

(such as growth hormone and insulin), energy

levels and stressors (such as low oxygen). When

nutrients (particularly amino acids and glucose)

are plentiful, mTOR drives synthesis – of

proteins, lipids (via SREBF1) and purines (via a

mitochondrial folate cycle). However, when

nutrients are excessive, mTOR can become

dysregulated leading to insulin resistance and

conditions such as diabetes, obesity and

depression. Overactive mTOR can promote

excessive cell division with increased risk of DNA

copying errors leading to cancer. Conversely,

mTOR is inhibited by AMPK and therefore by

anything that induces AMPK – such as

polyphenols and fasting. mTOR is directly
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inhibited by limiting intake of the amino acids, in

particular methionine and leucine.

In summary, mTOR is an important regulator of

growth and metabolism. In a scenario of

nutrient excess and reduced physical activity,

mTOR can become dysregulated and overactive.

Limiting intake of animal protein, intermittent

fasting, and regular exercise can prevent mTOR

excess and support healthspan and lifespan.

The IRS1 (insulin receptor substrate 1) protein

transmits signals to insulin and insulin-like

growth (IGF-1R) receptors to facilitate glucose

uptake by cells. In normal circumstances, mTOR

regulates this process by uncoupling (blocking)

IRS1 interaction with other receptors, thus

creating a negative feedback loop. However,

hyperactive mTOR can increase degradation of

IRS1, resulting in insulin resistance and type 2

diabetes. In addition, a SNP on IRS1 confers

lower activity, with similar consequences.

PARP1 (poly(ADP-ribose) polymerase 1) acts as a

first responder that detects DNA damage and

then facilitates the choice of repair pathway. It is

activated by ROS (reactive oxygen species),

elevated glucose, and infection, and promotes

transcription of inflammatory genes, including

TNF and IL6. Both SIRT1 and PARP1 have a

roughly equal affinity for NAD+ but DNA damage

can increase PARP1 activity more than 100-fold,

depleting NAD+ available to SIRT1. Although

PARP1 has important roles to play, over-

expression can result in highly inaccurate DNA

repair. PARP inhibitor drugs reduce

inflammation, improve cardiac and endothelial

function, and as a cancer treatment, stop PARP

from doing its repair work in cancer cells.

A SNP on PARP1 is associated with up to 50%

reduced activity, higher HDL cholesterol, lower

8-OHdG (a measure of DNA damage) and

decreased risk of coronary artery disease.

Reduced PARP1 activity can increase the

availability of NAD+ to support SIRT functions,

including energy production and DNA synthesis

and repair. Vitamin D is a suppressor of PARP1

activity.

PPARG is a key regulator of glucose homeostasis

and adipogenesis. It inhibits the release of free

fatty acids and adipocytokines (TNF and leptin)

and increases production of adiponectin, which

together lead to improved insulin sensitivity in

liver and skeletal muscle. It also promotes fat

storage (and differentiation of white and brown

fat). A SNP on PPARG confers a reduced

expression, better insulin sensitivity and glucose

utilisation, and lower risk of type 2 diabetes.

Carriers also have less weight gain on a high-fat

diet. Omega-3 and polyphenols – quercetin and

kaempferol (beans, spinach, kale, tea and

broccoli) are helpful PPARG modulators. PPARG

is upregulated by HIF1A.

HIF1A (hypoxia-inducible factor 1-alpha)

regulates cellular responses to hypoxic (low

oxygen) conditions, and is also upregulated by

growth factors, via mTOR. It induces the

expression of hundreds of genes including

VEGFA and erythropoietin (EPO) which help

increase oxygen delivery to hypoxic regions (to

compensate for hypoxia). HIF1A also regulates

genes that impact energy metabolism –

promoting glucose uptake and metabolism (via

PPARG), repressing fatty acid oxidation (via

PGC1A and PPARA), and supporting cell

proliferation and survival.

A SNP on HIF1A is associated with higher activity

and reduced risk of developing diabetes (types 1

and 2), and improved wound healing, but

dysregulated lipid metabolism associated with

atherosclerosis, fatty liver disease (NAFLD),

obesity, and cancer. This SNP has been reported

as beneficial to athletes participating in power

sports, due to increased glucose metabolism

and muscle building, with the wild genotype

being beneficial to endurance athletes.

VEGFA (vascular endothelial growth factor A)

helps to restore and improve oxygen supply by

creating new blood vessels in response to injury,

exercise and during growth. The variance is

associated with significantly higher VEGFA,

which is beneficial for endurance and aerobic

capability. However, it is also associated with

diabetic retinopathy, and tumour growth in the

context of cancer. Natural inhibitors of

angiogenesis include resveratrol, green tea,

ginkgo biloba, quercetin, ginger, cinnamon,

curcumin, melon, flavonoids and vitamin E.
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Sugar Metabolism

Carbohydrates are sugar molecules and are the

body's favoured fuel source, providing

immediate energy. They are broken down into

glucose which constitutes blood sugar. 

Glucose can come from three different sources:

i) intestinal absorption of dietary carbohydrates

(sugar, starches and fibre), ii) glycogenolysis –

breakdown of glycogen, and iii) gluconeogenesis

– formation of glucose from non-carbohydrate

precursors including lactate, pyruvate, glycerol

and amino acids.

After glucose enters the bloodstream, insulin is

released which allows it to enter the cells. Insulin

is produced by the pancreas and is the body's

primary anabolic hormone. It regulates the

metabolism of carbohydrates, fats and proteins.

Once in the cell, glucose can be used for energy

production (aerobic or anaerobic) and

nucleotide synthesis via the pentose phosphate

pathway (PPP). Impairment of a pathway due to

SNPs or environmental factors can lead to

conditions such as insulin resistance, diabetes,

weight gain, chronic fatigue or cancer.

Blood Glucose

The TCF7L2 (transcription factor 7-like 2) gene is

involved in regulating blood sugar by influencing

the production of insulin. Variants on TCF7L2

lead to over-expression, reduced insulin release

and risk of hyperglycaemia. This can lead to

insulin resistance, type 2 diabetes, and risk of

developing gestational diabetes. Natural

modulators of TCF7L2 include flavonoids,

curcumin, green tea, resveratrol, retinoids and

lupeol – found in olives, mangoes, strawberries,

green peppers, tomatoes.

Insulin binds to its receptor and interacts with

IRS1 (insulin receptor substrate 1) to facilitate

glucose uptake via increased activity of GLUT4, a

glucose transporter. A SNP on IRS1 results in

reduced activity and impaired insulin signalling.

Obesity, stress and inflammation can further

promote insulin resistance. Exercise (especially

aerobic) induces GLUT4 activity. GLUT2 is

another transporter which controls glucose

uptake in the liver. However, unlike GLUT4, it

does not rely on insulin and acts as a glucose

sensor. A SNP on GLUT2 can lead to a down-

regulated activity and is associated with risk of

gestational diabetes and noninsulin-dependent

diabetes.

Glucose uptake can be influenced by several

other factors. FABP2 (fatty acid-binding protein

2) has high affinity for saturated long-chain fatty

acids and is involved in their uptake and

metabolism. Increased FABP2 expression

preferentially moves fats into cells instead of

glucose, which increases the risk of insulin

resistance and type 2 diabetes. PPARG

(peroxisome proliferator-activated receptor

gamma) is also involved in glucose uptake as it

promotes fat storage which can crowd out the

glucose from entering the cell. A SNP on PPARG

downregulates its activity, which is beneficial

and is associated with increased insulin

sensitivity and glucose utilisation. Carriers of this

SNP are particularly sensitive to omega-3s,

which help to reduce triglyceride levels.

Cellular Glucose

Once glucose has entered the cell, it is broken

down by a process called glycolysis. It is firstly

converted to G6P (glucose-6-phosphate) by a

glucokinase, encoded by the GCK gene.

Glucokinase diabetes is a type of familial

diabetes often called MODY (maturity-onset

diabetes of the young). Variants on GCK reduce

its activity and may increase blood glucose and

risk of type 2 diabetes. Carriers of this SNP may

benefit from a higher intake of whey proteins,

retinoic acid and biotin.

G6P can be directed to the PPP to generate

NADPH to activate glutathione and ribose-5-

phosphate for nucleotide synthesis or – more

typically to produce pyruvate, with NAD+ and

magnesium as cofactors. In the mitochondria,

pyruvate is converted to acetyl-CoA, which goes

into the Krebs cycle to produce ATP. 

In anaerobic conditions (hypoxia/low oxygen),

pyruvate is converted to lactate by fermentation.

This can occur during strenuous exercise or due

to infection or shock. While this produces less

ATP, it can support rapid cellular division, which

can be beneficial for muscle growth but

detrimental in abnormal conditions (Warburg

effect).
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AMPD1 codes for adenosine monophosphate

(AMP) deaminase 1, a component of the purine

nucleotide cycle. It plays a role in energy

metabolism by recycling AMP back to IMP

(inosine monophosphate), and ammonia. A SNP

results in AMPD1 deficiency, which increases the

levels of AMP and leads to activation of AMPK.

This is beneficial as it has been associated with

improved insulin sensitivity and glucose

utilisation, and less risk of type 2 diabetes.

Metformin, one of the best known drugs used to

reverse insulin resistance, has a similar effect to

the SNP, inhibiting AMPD1 activity and inducing

AMPK. However, individuals with AMPD1

deficiency are more likely to experience muscle

fatigue, cramps and pain during and after

endurance exercise. This is due to slower

conversion of AMP to IMP, and less ammonia

production to neutralise lactate. Well-trained,

fuelled and hydrated athletes have lower risk of

experiencing muscle dysfunction symptoms.

Glucose vs Fats

Excess glucose intake promotes fat storage and

inhibits fat burning. In this case, acetyl-CoA is

converted into malonyl-CoA, which is a building

block of triglycerides (fat droplets) in adipose

tissue. Malonyl-CoA also suppresses fatty acid

utilisation by inhibiting the action of CPT1A

(carnitine palmitoyltransferase 1A), which

transports fatty acids into the mitochondria.
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Fat Metabolism

Fats are an essential energy source and have

structural, metabolic and immune functions.

They impact brain development and cognitive

function, cardiovascular health and

inflammation, and help absorption of fat-soluble

vitamins (A, D, E and K). 

There are four major types of dietary fats:

saturated fats, trans fats, monounsaturated fats

and polyunsaturated fats. 

Saturated fats are made up of carbon chains

that are all bonded (saturated) with hydrogen.

They are mainly found in animal sources, such

as meat, butter and cheese, and some plant

sources such as coconut oil. Historically,

saturated fats have been considered as

detrimental to health as their overconsumption

is one of the leading causes of obesity.

Unsaturated fats have spaces along the chain

of carbon atoms, instead of being saturated with

hydrogen. Monounsaturated fats (MUFAs)

contain one unsaturated bond. As they help to

increase 'good' cholesterol and lower 'bad'

cholesterol, MUFAs are considered healthy.

Examples include olives, avocados and pumpkin

seeds.

Polyunsaturated fats (PUFAs) contain more

than one double bond in their carbon chain.

They include omega-3 and omega-6 fatty acids,

which are essential as the body can't produce

them. They are found in a variety of animal and

plant-based sources – oily fish, nuts and

vegetable oils.

Trans fats are a type of unsaturated fat that has

been hydrogenated. Although trans fats occur

naturally (in milk, for example) the majority,

including hydrogenated vegetable oil, margarine

and baked goods (olive oil spreads, crisps,

biscuits, cakes and pizzas), are manufactured.

Trans fats are considered the worst fats to

consume as a diet high in these fats increases

the risk of heart disease.

Circulating Fats

Triglycerides are the most common form of

dietary fats. As they are not water-soluble,

triglycerides and cholesterol are packaged as

lipoproteins for transport to target tissues and

cells. There are different types and functions of

lipoproteins such as chylomicrons, VLDL (very-

low-density lipoprotein), LDL (low-density

lipoprotein) and HDL (high-density lipoprotein).

LDL is considered a 'bad' cholesterol as it

contributes to fat buildups in arteries

(atherosclerosis) as opposed to HDL being

considered 'good'.

Lipoprotein lipase coded by the LPL gene is

located on the surface of the cells. LPL breaks

down triglycerides in lipoproteins to free fatty

acids (FFAs) which can then be taken up by

muscle cells or adipocytes for energy production

or storage. Once emptied of triglycerides, the

lipoproteins evolve to become HDL. A SNP on

LPL is associated with increased activity –  lower

triglyceride levels, higher HDL and reduced risk

of coronary artery disease. Exercise (especially

aerobic), lipid-lowering agents and statins can

also promote LPL activity.

Fatty acid transport proteins (FATPs) and CD36

(also called FAT) facilitate the uptake of FFAs into

adipocytes and muscle cells. CD36 is the free

fatty acid equivalent of the GLUT transporters

(for glucose). It also impacts taste and dietary fat

perception. Reduced CD36 sensitivity due to

genetic variance is associated with a greater

liking for high-fat foods and increased risk of

visceral obesity.

Although carbohydrates are the cell's favoured

fuel source, this order can be disrupted by fatty

acid binding protein (FABP2). A SNP on FABP2

increases activity, preferentially moving fats into

the cell, and crowding out glucose. This

increases the risk of insulin resistance,

hyperinsulinemia, and type 2 diabetes. SNP

carriers benefit from limiting intake of saturated

fats. Polyphenols, especially carnosic acid found

in rosemary and sage, can inhibit FABP2 activity.

Cellular Fats

When fatty acids enter the cell, they can either

be directly used for energy production or be

stored as triglycerides (fat droplets).

When glucose levels are low, the body uses fat

as an alternative energy source. Lipolysis is the

process through which lipases break down
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triglycerides to their constituent molecules –

FFAs and glycerol. PPARA (peroxisome

proliferator-activated receptor alpha) is

activated when energy levels are low and

initiates fat metabolism. A SNP is associated

with lower activity and is less compatible with a

ketogenic diet. Resveratrol, isoflavones,

flavonoids and PUFAs can increase PPARA

function.

Several genes are involved in regulation of

lipolysis including PLIN1 (perilipin 1) and ADRB3

(adrenaline receptor beta 3). PLIN1 controls

access to adipocyte triglycerides and protects

them from being broken down by lipases. A SNP

on PLIN1 is associated with lower expression,

higher rates of lipolysis and less risk of obesity.

However, it can also confer resistance to weight

loss on an energy-restricted diet. Conversely,

ADRB3 induces fat break-down by stimulating

lipases. A SNP confers reduced sensitivity to

adrenaline, slower lipolysis and oxidation, and

increased fat accumulation. Carriers of this SNP

might also experience resistance to weight loss

in response to lifestyle interventions combining

diet and exercise. In this case, adrenaline,

caffeine, water, fasting, cold exposure, high

intensity exercise, bananas, chocolate and green

tea can induce lipolysis. 

FFAs are converted to acyl-CoA, which is

transported across the mitochondrial

membrane by CPT1A (carnitine

palmitoyltransferase 1A). When glucose is

present, malonyl-CoA restricts acyl-CoA (and

carnitine) from entering the mitochondria.

However, in a low glucose state AMPK lowers

malonyl-CoA, enabling entry. Acyl-CoA then

undergoes beta-oxidation to produce acetyl-

CoA. After beta-oxidation, acetyl-CoA enters the

Krebs cycle to produce ATP.

A SNP on CPT1A results in a decreased activity

and transport of fatty acids into the

mitochondria. This can cause multiple

symptoms such as fatigue, dizziness, abdominal

pain, muscle pain or weakness, low blood sugar,

and low ketone levels (especially during fasting

or illness). A high-fat (ketogenic) diet is not

advised for carriers of this SNP as it is more

likely that fat will be stored rather than burned.

Avoid skipping meals, exposure to cold, stress

and strenuous exercise. Medium chain

triglyceride (MCT) oil and L-carnitine

supplementation may be helpful. Conversely,

individuals with CPT1A wild genotype are likely

to benefit from a ketogenic diet. 

Ketogenesis is an alternative pathway which

produces ketone bodies. It produces energy for

the brain, heart and skeletal muscle during low

glucose states such as fasting, prolonged

physical activity and sleep. A ketogenic diet can

have many health benefits such as weight loss,

improved blood sugar, improved metabolic

profile and heart health. Alcohol is a potent

inhibitor.

Lipogenesis is the opposite of lipolysis,

converting acetyl-CoA back to fat for storage. It

is upregulated by insulin, glucose, and high

energy state and downregulated by leptin.

SREBF1 (sterol regulatory element-binding factor

1) activates lipogenic genes and some glycolytic

ones too (GCK). It facilitates the storage of

excess fatty acids as triglycerides and promotes

cholesterol synthesis. Both low and high activity

of SREBF1 contribute to insulin resistance and

type 2 diabetes. A SNP on this gene is associated

with higher SREBF1 expression, higher LDL and

total cholesterol and increased risk of type 2

diabetes and non-alcoholic fatty liver disease.

SREBF1 is downregulated by high cholesterol

and PUFAs.
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Cholesterol and Bile

Cholesterol is a fatty substance which supports

cell membrane fluidity, bile acid production, and

synthesis of sex steroid hormones, CoQ10

(coenzyme Q10) and vitamin D.

Most (approximately 80%) cholesterol is

synthesised in the liver, and the remainder is

obtained from the diet. Dietary sources include

red meat, eggs, liver, kidney, shellfish and butter.

Excess fat and sugar intake promote cholesterol

synthesis.

As described in the Fats Section, cholesterol is

packaged with triglycerides into lipoproteins.

There are several types of lipoproteins but the

two most common are LDL (low-density

lipoprotein) – considered to be 'bad' cholesterol

– and HDL (high-density lipoprotein) – often

called 'good' cholesterol.

Cholesterol is regulated by negative feedback.

When cholesterol is too high, synthesis is

suppressed and liver uptake is reduced (by

inhibiting LDL receptors). This causes LDL to

accumulate in the blood, which can initiate

atherosclerosis. Cholesterol-lowering drugs,

such as statins, also exploit the feedback system

by blocking cholesterol synthesis, but conversely

increase the activity of LDLRs (LDL receptors).

Cholesterol Synthesis

Acetyl-coA is converted to cholesterol via the

mevalonate pathway. This series of reactions

(30+ steps) is primarily regulated by HMGCR

(HMG-CoA reductase) which converts HMG-CoA

(3-hydroxy-3-methylglutaryl coenzyme A) into

mevalonate.

HMGCR is upregulated in obesity and high

glucose and is inhibited by statins. A SNP on this

gene decreases its expression, lowers circulating

LDL and increases LDLR sensitivity, mimicking

the mechanism of statins. This reduces the risk

of coronary heart disease.

However, this SNP is associated with lower

plasma phosphatidylcholine and sphingomyelin

levels (which are important for cell membranes),

as well as GLUT4 (glucose transporter 4)

inhibition which increases BMI, body fat and risk

of type 2 diabetes. Lower HMGCR activity can

also lead to reduced CoQ10 and vitamin D

production, needed for metabolic, antioxidant

and mitochondrial functions. Therefore, for

carriers of this SNP, it may be preferable to

lower cholesterol naturally, through dietary

changes such as increasing fibre and limiting

saturated and trans fats, as an alternative to

statins. 

SREBF1 (sterol regulatory element-binding factor

1) facilitates storage of fatty acids as

triglycerides by inducing lipogenesis, and

promotes cholesterol synthesis by inducing

HMGCR activity. A SNP on SREBF1 increases its

expression, is associated with higher LDL and

total cholesterol, and increased risk of type 2

diabetes and non-alcoholic fatty liver disease.

Insulin (via mTOR) increases SREBF1 activity

while PUFAs (polyunsaturated fatty acids) – such

as oily fish, nuts and vegetable oils – decrease it.

Cholesterol Uptake and Metabolism

LDL receptors enable uptake of cholesterol by

the liver, which removes about 70% of LDL from

the bloodstream. LDLRs therefore have an

essential role in LDL regulation. Some rare

mutations in LDLR and other genes can cause a

form of high cholesterol called familial

hypercholesterolemia. Common SNPs that

decrease LDLR sensitivity can lead to higher

total cholesterol and LDL levels, increased risk of

coronary heart disease and Alzheimer's disease

(especially in men). Red grape juice

(polyphenols), berberine and omega-3 fatty

acids can increase LDLR sensitivity. Conversely,

high fructose intake can increase the risk of

glycation which negatively impacts LDLR.

Finally, cholesterol is converted to bile acids via

CYP7A1 (cholesterol 7 alpha-hydroxylase 1). Bile

acids are needed to absorb and digest fats in the

small intestine. This is also the primary

mechanism for removing cholesterol from the

body. A SNP on CYP7A1 lowers its activity,

leading to a slower conversion to bile acids, and

therefore, higher cholesterol levels. Oats, taurine

and green tea can support CYP7A1 activity and

help remove cholesterol.
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Mitochondria and Inflammation

Mitochondria are tiny organelles inside cells that

generate energy from food in the form of ATP

(adenosine triphosphate). This process is known

as cellular respiration. It is for this reason that

mitochondria are often referred to as

powerhouses of the cell. Mitochondrial function

is particularly impacted by sirtuins (SIRTs),

uncoupling proteins (UCPs), antioxidant and

inflammatory genes.

As seen in the Nutrient Sensing section, SIRTs

are an NAD+ (nicotinamide adenine

dinucleotide) dependent family of signalling

proteins involved in metabolic regulation. Sirtuin

3 (SIRT3) is expressed in the mitochondria and

hence plays an important role in regulating

energy metabolism – fatty acid oxidation, the

Krebs cycle, the ETC (electron transport chain)

and ROS (reactive oxygen species) detoxification.

The Krebs cycle is the main source of energy for

cells. It takes in Acetyl-CoA (from glucose and

fats) and with the help of cofactors NAD+, FAD

(flavin adenine nucleotide), generates NADH,

FADH2 and ATP. Subsequently, the protons (H+

ions) and electrons released from NADH and

FADH2, are processed by the ETC with cofactors

CoQ10, iron and copper. The protons couple

with ATP synthase to produce ATP.

Uncoupling Proteins

Uncoupling proteins return the free, uncoupled,

protons from the (mitochondria)

intermembrane space to the matrix and release

energy in the form of heat. By removing protons,

the UCPs help prevent ROS production and

mitochondrial damage. 

Brown adipose tissue (BAT) is activated in cold

conditions and has a high concentration of

UCPs, enabling greater metabolic activity. It is

more present in women than in men, decreases

with age, and can be induced by PGC1A, cold

exposure, leptin, exercise, adrenaline, green tea,

cabbage, berries, spinach and capsaicin. UCP1,

known as thermogenin, is exclusively found in

BAT.

A SNP on UCP1 is associated with reduced

expression, impaired energy metabolism and

lower resting metabolic rate. This can promote

fat storage, increased BMI and obesity

(especially lower body). It is also associated with

high triglycerides, high LDL and low HDL. Purine

nucleotides (found in high fructose corn syrup,

seafood, organ meat and alcohol) inhibit UCP1,

whereas fatty acids activate it.

UCP2 and UCP3 specifically regulate fatty acid

oxidation and reduce the formation of ROS. A

SNP on UCP2 is associated with lower activity

and risk of higher BMI, obesity and type 2

diabetes. UCP3 protects from lipid-induced

oxidative stress by removing excess fatty acids. A

polymorphism on UCP3 is associated with

decreased expression, inflammation, higher risk

of obesity, insulin resistance, higher LDL

cholesterol, non-alcoholic fatty liver disease,

type 2 diabetes and other symptoms of

metabolic dysfunction, particularly in Asian

populations. Physical activity has been shown to

increase UCP3 activity. A high-fat diet is not

recommended for SNP carriers.

Antioxidant Cascade

During cellular respiration, ROS (free radicals)

are formed within the mitochondria. These by-

products include superoxide anion, hydrogen

peroxide (H2O2), and hydroxyl radical, which are

highly reactive. While ROS are essential

signalling molecules, excess can lead to

oxidative stress, which can damage cells,

proteins, lipids and DNA, and contribute to

biological ageing. Oxidative stress also leads to

symptoms of metabolic syndrome – obesity,

diabetes, cancer, neurodegenerative and

cardiovascular diseases.

Antioxidant defence is the ROS scavenging

mechanism activated by SIRT3. By binding to

FOXO3 (forkhead box family member 3), this

sirtuin stimulates catalase (CAT), superoxide

dismutase (SOD) and glutathione peroxidase

(GPX) which all have an antioxidant action. A SNP

on SIRT3 is associated with increased activity,

and improved metabolic function, healthier

ageing and longer lifespan. SIRT3 is upregulated

by caloric restriction, fasting, exercise, and its

cofactor NAD+. However, SIRT3 activity reduces

with age and a high-fat diet. Related to its

antioxidant function, FOXO3 has been identified
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as a strong contributor to exceptional longevity.

Curcumin and green tea help to induce FOXO3.

Working alongside FOXO3 to activate the

antioxidant cascade is NRF2 (nuclear factor

erythroid 2-related factor 2), often called the

master antioxidant regulator. It also stimulates

mitochondrial biogenesis. A SNP on NRF2 is

associated with lower activity and reduced

antioxidative capacity – due to knock-on effects

on SOD2, CAT and GPX1. Aerobic exercise,

caloric restriction/fasting, DHA

(docosahexaenoic acid) – a type of omega-3 fat,

and resveratrol have been shown to increase

NRF2 activity.

The first step of the antioxidant defence

mechanism is led by SOD2, which transforms

superoxide into hydrogen peroxide and oxygen.

A SNP on this gene can reduce SOD2 activity,

leading to more oxidative stress and increased

risk of free radical damage. Manganese is the

main cofactor for SOD2.

In the second step, CAT and GPX1 convert

hydrogen peroxide into oxygen and water.

Polymorphisms on these genes reduce their

antioxidant activity too and increase ROS levels.

Their cofactors are manganese (for CAT),

selenium and glutathione (for GPX1). Other

small antioxidants that aid in mitochondrial

protection are lipoic acid, vitamin E, CoQ10 and

carnitine.

Inflammation

Mitochondrial ROS can lead to chronic

inflammation. In return, pro-inflammatory

compounds can also increase ROS levels,

triggering a 'vicious cycle'. Increased activity of

IL6 (interleukin 6), CRP (C-reactive protein), IFNG

(interferon-gamma) and TNF (tumour necrosis

factor), due to SNPs and environmental factors,

can contribute to oxidative stress and stimulate

metabolic, inflammatory and autoimmune

diseases. Anti-inflammatory nutrients include

omega-3 fatty acids, curcumin and green tea.
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How to Read the Report

Genes

Results are listed in order of the gene short

name. The 'rs' number is the reference

sequence number that identifies a specific

location on the genome. It is also known as a

SNP (Single Nucleotide Polymorphism)

pronounced 'snip', polymorphism or mutation.

Personalised Result

Your genotype result is shown as two

letters (A,G,T or C) which represent the

DNA bases present at that location.

Multiple attempts are made to achieve

the required level of statistical

confidence, but if that cannot be met it

is reported as 'No result'.

Arrow Direction

The direction of the arrow indicates the

potential effect of the SNP on gene expression,

where applicable – it can increase or decrease

activity, or neither.

up-regulates or increases the activity and

effect on the gene

down-regulates or decreases the activity and

effect on the gene

No arrow – no effect on the activity of the

gene

Highlight Colour

The genotype result highlight indicates

the potential effect of the SNP on gene

function in a particular context.

RED the effect of the variant is

negative

AMBER the effect of the variant is

somewhat negative

GREEN no variation, or the effect of

the variant is positive

Pathway Diagram Key

Cofactor Inhibitor
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