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Ejemplo Paciente Modelo

Objective of this profile

The aim is to know the effect and metabolism of
estrogens to predict the risk of associated pathologies
(breast cancer, thrombosis...) and to establish, on an
individualized basis, prevention guidelines. It is of
special interest in the management of hormonal
therapies, such as HRT, contraceptives or ovarian
stimulation.

Estrogens
Estrogens are female steroid sex
hormones synthesized from cholesterol.
They are produced mainly by the ovaries
and, to a lesser extent, by the adrenal
glands. However, at menopause they are
the main source.

Estrogens are involved in numerous
functions of the organism such as on a
bone, skin or brain level, among others,
which is why they are so important.

Estrogen metabolism
The elimination of estrogens is initiated in
a first phase by CYP450 enzymes that
produce the main metabolites, still with
estrogenic activity. They are then
conjugated with other molecules by a
phase II to facilitate their elimination
through urine and feces. A crucial step in
the second phase is methylation, which
neutralizes the activity of the most harmful
metabolites.

Main metabolites
There are three major types of estrogenic
metabolites: 2-OH, 4-OH and 16-OH.
Each can bind to the estrogen receptor
and generate a different metabolic effect.
The 2-OHs have a protective effect, while
the 4-OHs and 16-OHs exert a
detrimental effect.

Thrombosis
Thrombosis is the formation of a clot
(thrombus) that blocks a blood vessel due
to an imbalance in the process of
hemostasis. There are several genetic
factors that increase the risk of
thromboembolism.

Estrogens and thrombosis
Estrogens can alter the coagulation
system increasing the risk of thrombosis.
This profile studies the genetic risk in order
to evaluate the need for therapeutic
measures in case of pregnancy or
hormonal treatments.
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Selected genetic polymorphisms
The genetic variants studied for this report are shown below. They have been selected from the review
of 319 contrasted scientific publications and the implementation of statistical models so that their use
in clinical care is considered useful.

Based on the results obtained, nutritional and lifestyle recommendations adapted to your profile are
offered. It is essential that you follow your prescriber's indications to avoid any adverse reaction, as
nutritional supplements may interact with medication.

Gene Rs identifier Polymorphism Results

ABO rs8176719 ABOrs8176719 II

ABO rs8176704 ABOrs8176704 GG

ABO rs8176746 ABOrs8176746 GG

ABO rs507666 ABOrs507666 GG

CAT rs1001179 -262C>T CC

COMT rs4680 Val158Met Val/Met

CYP17A1 rs743572 -34T>C AG

CYP19A1 rs10046 C268T AG

CYP1A1 rs4646903 *2 wt/*2

CYP1B1 rs1056836 *3 wt/*3

DIO2 rs225014 Thr92Ala CT

ESR1 rs2234693 PvuII TT

F11. rs2036914 rs2036914 (T>C) CC

F12 rs1801020 46C>T GG

F13A1 rs5985 Val34Leu CA

F2 (Factor II) rs1799963 20210G>A GG

F5 (Factor V) rs6025 1691G>A CC

FGG rs2066865 rs2066865 (G>A) GG

GPX rs1050450 599C>T CC

GSTM1 GSTM1_CNV *0 1/1

GSTM3 rs7483 3209G>A CT

GSTP1 rs1695 Ile105Val Ile/Ile

GSTT1 GSTT1_CNV *0 1/1

IL10 rs1800896 -1082G>A TT

IL1A rs1800587 -889G>A AG
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Gene Rs identifier Polymorphism Results

IL1B rs1143634 315C>T GA

IL6 rs1800795 -174C>G GG

MTHFR rs1801133 677C>T GA

MTHFR rs1801131 1298A>C TT

NFE2L2 rs6721961 -617T>G GG

NQO1 rs1800566 C609T GA

PAI1 rs1799889 -816G>A AG

PGR rs1042838 Val660Leu (PROGINS) CA

SERPINC1 rs121909548 Ala384Pro CC

SOD2 rs4880 Ala16Val AG

SULT1A1 rs9282861 *2 wt/wt

TNFa rs1800629 -308G>A AG

UGT2B7 rs7439366 Tyr268His TT

Risk genotype Neutral genotype Protective genotype
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Genetic interpretation for hormone therapies

A decision algorithm has been developed based on the genetic risk of thrombosis and on a weighting of
the most determinant genes of estrogen metabolism. The results to be used (see legend) are indicated
throughout the report, as well as pertinent recommendations.

The algorithm allows assessing whether a hormonal therapy, lasting more than 3 years, might be
contraindicated based only on the patient's genetics. It does not take into account other non-genetic
factors that could also play an important role in the decision to use these treatments.
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Estrogens and thrombosis risk

Disorders in the coagulation system can lead to thrombotic events, in which a clot can clog a blood
vessel and prevents proper blood circulation. The most frequent events (1-2 per 1,000 people per year)
are deep vein thrombosis (DVT) in the lower extremities and pulmonary thromboembolism (PTE).

Estrogens can alter the coagulation system and, since the first studies carried out in the 1960s, it has
been known that these alterations increase the risk of thrombosis. If there is already a significant
genetic risk, therapeutic measures should be taken before pregnancy or in case of hormonal
treatments.

The risk of thrombosis can be modified by several factors apart from genetic and estrogen-related
factors.
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Haemostasis: coagulation cascade

Haemostasis is a process to prevent and stop bleeding, that is, to keep blood inside a damaged blood
vessel. It is the first stage of wound healing, in which blood changes from liquid to gel.

Blood coagulation is a dynamic and complex process involving numerous plasma proteins known as
coagulation factors and cofactors. Most circulate in the blood in their inactive form and require
enzymatic activation to perform their function.

This process can be initiated by two different pathways depending on whether there is direct injury to
the vessel or not. However, they converge in the formation of fibrin, the main component of the clot.
Then, under the right conditions, the clot must be resolved to return to a normal state.

The coagulation cascade is shown below and the factors for which polymorphisms that modify their
activity have been described and are studied in this profile are indicated in orange.
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Genetic risk of thrombosis: general assessment

This chapter provides a general assessment of the genetic risk of thrombosis based on all the studied
variants. In addition, a series of nutritional and lifestyle recommendations are provided to compensate
for the possible genetic risk.

Factor level Genes Model Genetic risk

1.Principales F2, F5, SERPINC1 Pathogenic Normal

2.Moderados ABO, F11, FGG Combined Normal

3.Adicional F12, F13, MTHFR, PAI1 Independent Decreased

Recommendations
Your risk assessment falls into the normal risk category for thrombotic events, however, you would find it
especially beneficial to adopt the following recommendations:

• Maintain a healthy weight by following an appropriate diet:
Include:

- Fruits, vegetables and greens, especially garlic, onion and red pepper, favoring foods rich in fiber.
- Spices such as turmeric, ginger, cayenne pepper, paprika and black pepper.
- Omega-3 fatty acids from small oily fish (sardine, mackerel, trout), krill oil, seeds(chia, flax, sesame,

hemp) or nuts (almonds, walnuts, etc.).
  Avoid:

- Foods with a lot of sodium, as it is related to high blood pressure levels, occurrence of cardiovascular
(CV) disease and risk of heart attack.

- Trans fatty acids and reduce foods rich in saturated fatty acids, also omega-6 with arachidonic
acid
       (especially mammalian meat).

• Practice moderate cardiovascular exercise and avoid sedentary lifestyles and immobility, as well as
pernicious habits such as smoking and alcohol.

• Reduce oxidative and psychoemotional stress as they affect the CV system.
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Main genetic risk factors

This chapter describes the three most determinant genetic risk factors: mutations in the factor V,
factor II (prothrombin) and antithrombin III (SERPINC1) genes. Any one of them confers a significantly
elevated risk of deep vein thrombosis or pulmonary embolism.

In addition, the genetic deficiency of proteins C and/or S is also a determining factor. However, in order
to stablish a genetic analysis, an exhaustive study of the gene would be required. Therefore, its
determination by biochemical analysis is the method of choice.

Gene Rs identifier Polymorphism Results

F2 (Factor II) rs1799963 20210G>A GG

F5 (Factor V) rs6025 1691G>A CC

SERPINC1 rs121909548 Ala384Pro CC

Consequences
No genetic risk factor that predisposes to thrombosis has been detected in the three genes analysed.
This rules them out, but does not consider the deficit of protein C or protein S. For them, biochemical
determination or, if desired, complete sequencing of the gene can be offered.
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Moderate genetic risk factors

Unlike the previous mutations, polymorphisms in these genes are relatively frequent. Their presence
alone does not imply a predisposition to thrombosis, although the combination of these variants could
indeed indicate an increased risk.

The ABO blood type marks the presence or absence of certain markers on the surface of red blood
cells that determine donor-recipient compatibility in the case of transfusion. It is also related to a higher
or lower risk of thrombosis, so that blood types other than 0 have a higher risk of venous
thromboembolism.

The synthesis of fibrin and the resulting thrombin stabilization and clot formation originates in the
conversion of fibrinogen. Its gamma component (FGG), which is part of the structure of this protein,
may present a polymorphism that is associated with elevated plasma fibrinogen levels which, in turn,
are associated with increased plasma viscosity and platelet aggregation.

Coagulation factor XI, the proenzymatic form of factor XIa, is a serine protease and participates in the
coagulation cascade. The polymorphism analysed has been repeatedly and consistently associated
with an increased risk of venous thromboembolism.

Gene Rs identifier Polymorphism Results

ABO rs8176719 ABOrs8176719 II

F11. rs2036914 rs2036914 (T>C) CC

FGG rs2066865 rs2066865 (G>A) GG

Consequences
The combination of the detected genotypes has been associated with a normal risk of thrombosis,
corresponding to the general population.
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Additional genetic risk factors

This chapter evaluates other risk factors with a lesser contribution than the previous ones. By
themselves they are not capable of causing a state of hypercoagulability, but they can modulate the
degree of risk when there are lifestyle habits or other unfavourable clinical factors.

Polymorphisms in the genes of factors XII and XIII are associated with an increased risk of thrombosis.
More specifically, the F13A1 variant is associated with increased risk of myocardial infarction,
miscarriages in pregnant women and resistance to fibrinolytic therapy.

The MTHFR gene presents a variant with lower enzymatic activity that is associated with increased
cardiovascular risk due to elevated homocysteine levels.

Finally, PAI1, or SERPINE1, encodes an enzyme that regulates the process of normal clot breakdown
(fibrinolysis). It has a prothrombotic action since it stops fibrin degradation and clot dissolution.

Gene Rs identifier Polymorphism Results

F12 rs1801020 46C>T GG

F13A1 rs5985 Val34Leu CA

MTHFR rs1801133 677C>T GA

PAI1 rs1799889 -816G>A AG

Consequences
A risk variant has been detected in the F13A1 gene which is associated with an increased risk of
recurrent pregnancy loss, as well as arterial thrombosis and myocardial infarction. However, in these
cases, it is not determining and risk assessment should consider other risk factors from clinical history
and lifestyle.

The risk variant for the PAI1 gene has been detected. The risk of venous thromboembolism is slightly
increased relative to the nonvariant homozygote.
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Genetic determination of blood type

According to the characteristics present on the surface of the red blood cells and in the blood serum,
we can make a classification known as blood type. The most important in humans is the AB0 antigen
system. Its gene (called ABO) is responsible for determining the group.

The effect that this blood type has on the risk of thrombosis is mostly given by variations in the levels of
procoagulant factor VIII and von Willebrand factor. The levels of these factors are strongly associated
with venous thromboembolism and undergo partly ABO-mediated regulation.

In the chapter Moderate genetic risk factors only one ABO gene polymorphism is included in the
statistical model because it is responsible for determining or excluding blood type 0. In addition, other
polymorphisms are shown here in order to further specify the type.

Gene Rs identifier Polymorphism Results

ABO rs8176704 ABOrs8176704 GG

ABO rs8176746 ABOrs8176746 GG

ABO rs507666 ABOrs507666 GG

ABO rs8176719 ABOrs8176719 II
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Estrogens in the body

Steroid hormones are naturally synthesized from cholesterol. By means of transporter proteins they
are distributed throughout the body to bind to their receptors and exert their activity.

The estradiol/estrone pair, the major estrogens, undergo metabolism processes to eliminate
themselves, starting with a phase I in which estrogens with protective or proliferative capacity are
generated. The most important ones (2-OH and 4-OH) are methylated by COMT to neutralize them,
although they can also be transformed into quinones with carcinogenic capacity. This is why the
enzyme that reverts them into estrogens, NQO1, as well as the GSTs, are essential.

The last step for excretion consists of phase II reactions, mainly of sulfation and glucuronidation (SULT,
UGT), so that they can be excreted in urine or feces. Intestinal dysbiosis, due to the action of b-
glucuronidase enzymes, can cause reabsorption of these metabolites.

A substantial increase in estrogen (hormonal therapies or pregnancy) may increase the harmful action
and thus the risk of breast cancer, endometrial cancer or other pathologies (cysts, fibroids, fibrosis,
etc.). Knowing their elimination capacity can be a determining factor in the choice of therapy.
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Estrogen synthesis

Steroid hormones, including sex hormones (such as testosterone or estradiol), are synthesized from
cholesterol. This synthesis (anabolism) is catalyzed by several enzymes of the cytochrome P-450 (CYP)
superfamily.

Referring to estrogen synthesis, of all the genes involved, relevant genetic polymorphisms are known in
two of them. CYP17A1 is involved in the formation of testosterone and androstenedione, and CYP19A1,
also known as aromatase, is responsible for the formation of estradiol and estrone from the above.

There are known genetic polymorphisms of these two genes that have been related to an increase in
their activity, which will generate an increased production of endogenous estrogens. Specifically the
CYP17A1, the increase in endogenous estrogens is specifically related to uterine pathologies.

Gene Rs identifier Polymorphism Results

CYP17A1 rs743572 -34T>C AG

CYP19A1 rs10046 C268T AG

Consequences
The detected genotype for CYP19A1 gene is associated with normal enzymatic activity, while for
CYP17A1 the detected genotype is related with an increased activity, which suppose an increased
synthesis of endogenous estrogens, specifically related to uterine pathologies.

Recommendations
• Due to the increased activity of CYP17A1, it is recommended to consume foods that regulate
testosterone excess, such as almonds and walnuts, flax seeds or infusions of licorice, peppermint and
mint. Ensure that there is no deficit of nutrients that modulate its excess, such as inositol and group B
vitamins.
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Estrogen recptor and related hormones

Within the hormonal processes of interest in women's health, the role of estrogen and progesterone
receptors is fundamental. These receptors are proteins to which the hormones bind, triggering a series
of cellular responses such as the synthesis of certain proteins.

Estrogen receptors are divided into two types according to their function, their main difference being
their proliferative capacity. Binding to alpha receptors (ESR1) promotes an increase in cell synthesis,
while binding to beta receptors (ESR2) has a modulatory action.

On the one hand, no polymorphisms have been described in the ESR2 gene that affect its functions. On
the other hand, it is known that a polymorphism of the ESR1 gene can alter the structure of the
receptor, affecting its affinity for estrogens and, in turn, modifying the estrogenic effect in various ways.

In addition to these receptors, variants of the progesterone receptor (PGR) that affect its function have
also been described. Although it has been shown that the risk variants do not specifically affect the risk
of breast cancer, they may increase the risk of uterine pathologies.

17EUGENOMIC S.L. - Londres 6, 08029 Barcelona.
Tel: 93 292 29 63 www.eugenomic.com
© Copyright Eugenomic S.L. - All Rights Reserved

Interpretation by
g-Nomic®



Ejemplo Paciente Modelo

Gene Rs identifier Polymorphism Results

ESR1 rs2234693 PvuII TT

PGR rs1042838 Val660Leu (PROGINS) CA

Consequences
The genotype for ESR1 is related to normal receptor structure and function. However, it is related to a
higher risk of gynecological pathologies compared to the homozygous variant.

The detected genotype for the PGR gene is associated with normal activity, which implies an adequate
response to progesterone.

Recommendations
• The ESR1 genotype presents a normal function so it would be beneficial to apply hormone
replacement therapy in menopause unless there are other contraindicating factors (such as estrogen
metabolism or risk of thrombosis). Although the genotype is correct, it is always advisable:

• Reduce the increase in alpha (proliferative) receptors. To this end, it is advisable to:
- Reduce consumption of pro-inflammatory foods such as alcohol, processed meat and sausages,
wheat, white sugar, sweeteners and additives.

- Avoid the intake of xenoestrogens and/or endocrine disruptors. (see annex): BPA-bisphenol A,
acrolein (grilled, barbecued or fried products), mercury amalgams, benzenes and ethylbenzenes,
epoxides, herbicides and pesticides, polycyclic aromatic hydrocarbons (PAH), quinones,
tobacco smoke, etc.

- Include substances that reduce the activity of these receptors, such as sauerkraut juice and
cabbage, phytoestrogens, naringenin, Reishi, indole-3-carbinol and di-indole-methane.

• Support the modulating action of beta receptors (antiproliferative). To this end, it is advisable to:
- Follow an anti-inflammatory diet rich in green leafy vegetables and greens, red fruits,

legumes, fish, nuts, seeds, extra virgin olive oil, spices, etc.
- Include substances that favor these receptors such as: licorice (Glycyrrhiza glabra), kudzu
(Pueraria lobata), rhubarb (Rheum spp) or chasteberry (Vitex agnus-castus), lignans (flax seeds) or
sage.

• The PGR genotype presents normal activity and does not require specific recommendations, provided
that a proper diet and a healthy, stress-free lifestyle are followed.
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Phase I enzymes

Estrogen metabolism is carried out in two phases. Phase I is characterized by oxidation-reduction
reactions. These reactions are catalyzed by the cytochrome P450 (CYP) family.

As a product of these reactions, mainly 2-OH, 4-OH and 16-OH estrogens are obtained, which bind to
estrogen receptors, generating different clinical effects (according to the table). From 2-OH and 4-OH
estrogens, by the action of endogenous oxidases, quinones and semiquinones with a high carcinogenic
potential can be formed, which are studied in later chapters of this report.

Among the CYPs that metabolize estrogens, CYP1A1 and CYP1B1 present polymorphisms that result in
an alteration in their activity with clinical significance. However, it is also important to note that,
although there is no relevant genetic variation, CYP3A4 activity is strongly affected by interactions
with drugs, food, supplements and other lifestyle habits.

Gene Rs identifier Polymorphism Results

CYP1A1 rs4646903 *2 wt/*2

CYP1B1 rs1056836 *3 wt/*3

Consequences
The genotypes detected for CYP1A1 and CYP1B1 are associated with increased enzyme activity.
However, the clinical effects are totally different.

On the one hand, more CYP1A1 activity confers greater 2-OH estrogen synthesis and is therefore
associated with a protective action. On the other hand, CYP1B1 with increased activity is associated with
increased synthesis of 4-OH estrogens, leading to an increased risk of gynecological pathologies.

Recommendations
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Recommendations
• The genotype detected for CYP1A1 does not require specific recommendations as long as a balanced
diet and healthy lifestyle are followed.

• Given the increased activity of CYP1B1, it is essential to avoid the entry of xenobiotics that accelerate
these two pathways, generating reactive intermediate metabolites and oxygen free radicals (see
annex): benzopyrenes, polycyclic aromatic hydrocarbons (PAH), heterocyclic aromatic amines (HAA),
acrylamides, furans, nitrosamines, insecticides, herbicides, pesticides, heavy metals, PVC plastics and
aflatoxins.

• Reduce inflammation by avoiding overweight and obesity, pro-inflammatory foods (processed foods
rich in trans fats, fried foods, chips, snacks, margarines, simple sugars, pastries, dairy products, corn,
soy), and excess stress. Maintain the integrity of the intestinal wall and avoid intestinal fungal
infections such as candida.

• The consumption of substances that reduce the activity of this gene such as resveratrol, indole-3-
carbinol (I3C), di-indol-methane (DIM), sulforaphane, licorice root (Glycyrrhiza glabra), Omega 3
polyunsaturated fatty acids is recommended.

• Follow a diet rich in antioxidants: vitamins A, C, E, carotenoids, selenium, turmeric, green tea
(polyphenols), lycopene, flavonoids. Your prescriber will consider the use of supplements that neutralize
the quinones produced by this pathway, such as resveratrol, N-acetyl cysteine (NAC), alpha lipoic acid,
curcumin, selenium, etc.
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Quinone Neutralization: NQO1

Phase I generates metabolites (2-OH and 4-OH estrogens) that can be mainly methylated and
neutralized by the COMT enzyme to facilitate their elimination, or they can generate semiquinones.

These can be transformed into quinones, which have a high carcinogenic potential and can cause
damage in the genetic material of the cell. However, these toxic substances can revert back to 2-OH
and 4-OH estrogens thanks to the enzyme NQO1. Its polymorphism is associated with a very marked
decrease in its activity.

Several antioxidant enzymes are involved in the neutralization of quinones, in addition to NQO1, being
SOD2 one of the most relevant in the antioxidant defense. However, it has been shown that the
polymorphisms in this gene do not modify the risk of gynecological pathologies.

Gene Rs identifier Polymorphism Results

NQO1 rs1800566 C609T GA

Consequences
The genotype for the NQO1 gene is associated with a slightly reduced activity, which confers a reduced
ability to neutralize quinones and thus an increased toxic activity of estrogens.

Recommendations
• Due to the deficit in the neutralization of quinones by NQO1, it is essential to avoid substances that
generate high oxidative stress favoring the formation of quinones (see appendix): acrylamides,
aflatoxins, alcohol, benzopyrenes, furans, trans fats, herbicides, polycyclic aromatic hydrocarbons
(PAH), heavy metals, nitrosamines, PVC plastics.

• On the other hand, the consumption of antioxidant substances such as group B vitamins (B6, B9,
B12), vitamin C, E and resveratrol is recommended, as well as foods rich in polyphenols, sulforaphane,
cysteine or lipoic acid.

• Avoid excessive physical activity (marathon, triathlon, etc.) and alcohol as it increases oxidative stress.
However, moderate physical activity (walking, swimming, jogging) is beneficial to health.

21EUGENOMIC S.L. - Londres 6, 08029 Barcelona.
Tel: 93 292 29 63 www.eugenomic.com
© Copyright Eugenomic S.L. - All Rights Reserved

Interpretation by
g-Nomic®



Ejemplo Paciente Modelo

Quinone Neutralization: GST

Glutathione transferases (GST) are a family of enzymes of phase II metabolism that have the ability to
conjugate substances with glutathione to facilitate their elimination.

While NQO1 neutralizes the toxic effects of quinones by reverting them to 2-OH and 4-OH estrogens,
GST enzymes facilitate the direct elimination of quinones even though it is a secondary pathway. These
enzymes are not unique to estrogen metabolism, but also play an important role in hepatic
detoxification.

GSTs can present genetic polymorphisms responsible for reducing or even nullifying their activity and
this leads to a reduction in the ability to eliminate quinones.

Gene Rs identifier Polymorphism Results

GSTM1 GSTM1_CNV *0 1/1

GSTM3 rs7483 3209G>A CT

GSTP1 rs1695 Ile105Val Ile/Ile

GSTT1 GSTT1_CNV *0 1/1

Consequences
The genotype detected for the genes studied is related to a normal enzymatic activity, that is, a
conjugation with glutathione without alterations, despite not being very frequent in the population.

Recommendations
• Despite having an adequate conjugation capacity, it is important to avoid xenobiotics that are
eliminated in this way to prevent their saturation (see annex):

- Acrolein, mercury amalgams, benzenes and ethylbenzenes, epoxides, herbicides and pesticides,
Polycyclic aromatic hydrocarbons (HPA), quinones, tobacco smoke...

22EUGENOMIC S.L. - Londres 6, 08029 Barcelona.
Tel: 93 292 29 63 www.eugenomic.com
© Copyright Eugenomic S.L. - All Rights Reserved

Interpretation by
g-Nomic®



Ejemplo Paciente Modelo

Phase II - Methylation

The estrogenic metabolites 2-OH and 4-OH are eliminated, as the main pathway, by methylation by
the enzyme COMT. This pathway not only prevents these metabolites from converting to quinones and
becoming toxic, but also inactivates their estrogenic capacity.

The function of COMT is to add a methyl group to the estrogens, in this case, converting them into
methoxyestrogens. In order to perform its function correctly, it needs a sufficient supply of methyl
groups and, in this process, the enzyme MTHFR is one of the main enzymes involved in generating
them.

There are polymorphisms in these genes that reduce enzyme activity, leading to reduced estrogen
elimination. It has been widely demonstrated that the effect of COMT polymorphism on the risk of
estrogen-related pathologies is very important.

Gene Rs identifier Polymorphism Results

COMT rs4680 Val158Met Val/Met

MTHFR rs1801133 677C>T GA

MTHFR rs1801131 1298A>C TT

Consequences
The detected genotype for COMT is associated with a slightly reduced enzymatic activity and, thus, a
lower elimination of 2-OH and 4-OH estrogens, despite being the most frequent in the population.

The genotype detected for MTHFR is associated with a slightly reduced activity with respect to non-
variant homozygotes, which has no clinically relevant consequences.

Recommendations
• Given the lower COMT activity, it is important to avoid stress and to ensure the following nutrients
through food, as they are indispensable for a good elimination of estrogens: choline, magnesium,
methionine, vit. B2, B6, B9 and B12.

• Given the reduced activity of MTHFR, your prescriber will assess blood homocysteine control to
consider supplements that help methylation such as: methylated B vitamins, betaine and SAMe.
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Phase II - Conjugation of metabolites

The last fundamental step in estrogen catabolism is conjugation with sulfate or glucuronic acid. The
enzyme involved in sulfation is SULT1A1 while glucuronidation is carried out, mainly, by UGT2B7 enzyme.
These enzymes can conjugate estrone, estradiol and their metabolites generating compounds easily
eliminated in urine and feces.

Polymorphisms have been described in these genes that are related to a reduction in their activity, that
is, to a lower elimination of estrogens and their metabolites.

The integrity of the intestine plays a fundamental role in this process, since, in case of a dysbiosis
produced by proteolytic bacteria, the presence of b-glucuronidase enzymes can break the sulfate or
glucuronic bonds and cause the reabsorption of estrogens.

Gene Rs identifier Polymorphism Results

SULT1A1 rs9282861 *2 wt/wt

UGT2B7 rs7439366 Tyr268His TT

Consequences
The genotype detected for SULT1A1 and UGT2B7 is associated with normal enzyme activity.

Recommendations
• Although it has an adequate sulfation capacity (SULT1A1), it is a particularly saturable enzyme, so it is
important to avoid xenobiotics that are eliminated by this route:

- Phthalates (BBP, DBP, DEHP) in perfumes, nail polishes, lacquers, hair dyes,
cleaning products or PVC from plastics and pesticides, herbicides and insecticides.

• Furthermore, even with adequate glucuronidation (UGT2B7), it is important to monitor and avoid
intestinal dysbiosis due to the occurrence of b-glucuronidase enzymes, which break down the
conjugates and release the estrogens into the intestine, where they are reabsorbed instead of being
completely excreted.
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Antioxidant defense

Oxidative stress occurs through the generation of reactive oxygen species (ROS) that can damage
cells, DNA and proteins, influencing the development of degenerative, cardiovascular diseases or
various types of cancer. ROS are generated in particular metabolic processes, such as inflammation,
but also from the simple act of breathing oxygen.

These harmful substances are neutralized thanks to the action of various enzymes. Among them, SOD2
constitutes the first step in this antioxidant pathway. It transforms superoxide radicals (a type of ROS)
that are produced by many redox reactions into hydrogen peroxide (H2O2), which is then converted to
water (H2O) by the CAT and GPX enzymes. These three form the first line in the antioxidant defense.

Furthermore, the NQO1 enzyme is involved in the reduction of quinones to hydroquinones. This prevents
these quinones from producing more ROS from hydrogen peroxide and therefore results in a protection
of cells from oxidative stress .

Finally, the activation of these and many other enzymes is modulated by the NRF2 factor, which is
considered a master regulator of the antioxidant system. This allows increasing the production of
enzymes in the face of oxidative overload by activating their genes. Polymorphisms in the NRF2 gene
(NFE2L2) decrease its regulatory capacity and, thus, the response under high oxidative stress.
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Gene Rs identifier Polymorphism Results

CAT rs1001179 -262C>T CC

GPX rs1050450 599C>T CC

NFE2L2 rs6721961 -617T>G GG

NQO1 rs1800566 C609T GA

SOD2 rs4880 Ala16Val AG

Consequences
The detected genotype for the enzyme genes is related to a slightly reduced antioxidant defense
compared to non-variant homozygotes.

Recommendations
To increase the antioxidant activity:

• Avoid the induction of Phase I detoxification produced by benzopyrenes, polycyclic aromatic
hydrocarbons (PAH), heterocyclic aromatic amines (AAH), acrylamides, furans, nitrosamines,
insecticides, herbicides, pesticides, heavy metals, PVC plastics, aflatoxins... because they generate a lot
of oxidative and nitrosative stress.

• Follow a diet rich in micronutrients and antioxidants, increasing the consumption of group B vitamins:
B6, B9, B12, B2, B3, vitamins C and E and resveratrol.

• Avoid foods rich in trans fats present in industrially produced foods with vegetable oils such as chips,
salted snacks, pastries, cookies...

• Avoid excessive physical activity in time and intensity (marathon, triathlon, etc.), as it increases
oxidative stress. However, moderate physical activity (walking, swimming, jogging), is beneficial to
health.

• Avoid alcohol consumption because it is one of the main factors affecting the redox mechanism
(oxidation and reduction reactions) that generates high production of free radicals derived from oxygen
and nitrogen and that affects the respiratory chain of the mitochondria.

Supplementation
Although the risk model with the results obtained does not indicate a need for the use of supplements,
they may be useful in case of insufficient intake through the diet.

• Betacarotenes • Tumeric
• Lycopene • Fermented Papaya
• Resveratrol • Vitamin C
• Vitamin E
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Inflammation mediators

Interleukins (IL) and tumor necrosis factor (TNF) are a collection of molecules called cytokines that
have the function of establishing communication between cells. They are released by the immune
system. They are proteins (therefore their activity may depend on polymorphisms in the genes that
encode them) and their function in the body is to coordinate the response of the immune system and
they do this by stimulating or inhibiting the functions of cells, regulating the proliferation and cell
differentiation, and activating or inhibiting the expression of some genes. They mediate many of the
functions of the cells responsible for innate and acquired immunity. They are involved in the
development and activation of immune system cells and the inflammatory response.

IL secretion has a great importance in stress. In the early stages of stress, there is a positive reaction,
increasing the secretion of anti-inflammatory IL. But when stress is prolonged, proinflammatory IL
synthesis increases, contributing to the detrimental effects of prolonged stress.

In some ILs are known polymorphisms in the gene that encodes them, which affect their level of
expression, so that, when faced with the same level of stimulus, people can synthesize more or less of a
certain IL, depending on their genotype. It is therefore interesting to know the genotype-phenotype of
these variants, as the risk may be customized to be more or less susceptible to inflammatory processes.

Gene Rs identifier Polymorphism Results

IL10 rs1800896 -1082G>A TT

IL1A rs1800587 -889G>A AG

IL1B rs1143634 315C>T GA

IL6 rs1800795 -174C>G GG

TNFa rs1800629 -308G>A AG

Consequences
The detected genotype in the studied genes, considered globally, supposes a much higher risk of
inflammation compared to the majority of the population.
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Recommendations
Due to the highly pro-inflammatory genotype, it is recommended to follow the following
recommendations more rigorously and strictly:

• Avoid being overweight and obesity, since they directly influence on low-grade inflammation.

• Include omega-3 fatty acids (fish oil, krill, and/or chia or flax seeds) and/or consider supplementation.

• Avoid foods rich in trans fatty acids present in ultra-processed foods, foods rich in saturated fatty
acids and omega-6 with arachidonic acid, especially mammalian meat, also poultry and dairy products
and, to a lesser extent, eggs.

• Reduce oxidative stress by increasing the intake of fruits (citrus, red fruits ...) and vegetables
(cruciferous, garlic, onion) rich in antioxidants (vitamin C, vitamins A and E, zinc, selenium, quercetin ...).

• Reduce simple sugars (white, cane or brown sugar) as they are highly inflammatory and acidifying.

• Consume green tea that is rich in flavonoids and anti-inflammatory catechins.

• Incorporate spices such as turmeric, rich in curcumin, ginger, oregano, basil, thyme, peppers or stevia
into the diet.

• Red grapes and red wine are a source of resveratrol, which is a powerful antioxidant.

• Consume foods rich in L-arginine in oily fish (such as bonito, horse mackerel and mackerel), walnuts
and grapes. In the case of a deficient diet, it is recommended to supplements.

• Avoid excessive alcohol consumption.

• Reduce stress and get a minimum of 8 quality hours of sleep, as well as, perform moderate exercise
on a regular basis.

• Treat any digestive problems and any process that causes alteration of intestinal and mucous
permeability (dysbiosis, irritable bowel, ulcerative colitis, celiac disease ...).

• In acute inflammation, consult your doctor or pharmacist about the option of prescribing
supplementation with products that reduce inflammation such as: willow, devil's claw, boswellia, arnica
... among others.
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Clinical hypothyroidism with normal serum T3 levels

The main circulating thyroid hormone is T4 (thyroxine or tetra-iodothyronine), which is the main one
produced by the thyroid. However, the most active hormone is T3 (triiodothyronine) and consequently,
the metabolic response to the hormone will be dependent on the formation of T3.

The DIO2 gene encodes the enzyme DIO2 which converts T4 into T3 in brain, muscle and fat tissues,
and the DIO1 gene, encodes the enzyme DIO1, which does so in peripheral circulation. No relevant
polymorphisms are known for the DIO1 gene, but the DIO2 gene has a missense mutation, rs225014
T>C, which causes the substitution of a threonine by an alanine in the amino acid chain of the DIO2
enzyme at position 92 (Thr92Ala). This change in the active center of the enzyme alters its binding to
the selenium-cysteine cofactor and results in less activity and therefore less T3 formation in organs. In
other words, a functional hypothyroidism with normal serum levels of T3.

The heterozygous form (CT) and especially the homozygous variant (CC) have been associated with
obesity, insulin resistance, problems in the adjustment of glycemia, osteoarthritis and cognitive
problems.

Gene Rs identifier Polymorphism Results

DIO2 rs225014 Thr92Ala CT

Consequences
The detected genotype for the DIO2 gene is related to a partially decreased tissue conversion from T4
(thyroxine) to T3 (triiodothyronine) although there may be normal serum levels of both hormones.

Recommendations
The heterozygous state per se may not lead to clinical signs. However, it may do so in conjunction with
other factors. Therefore, it must be taken into account if the patient presents clinical symptoms of a
slight hypothyroidism, such as fatigue, increased sensitivity to cold, constipation, dry skin, weight gain,
swelling of the face, hoarseness, muscle weakness, among others. In that case it is advisable to
supplement with lyothyronine or triiodothyronine.
The control of the response must be clinical, since the serum values, in the absence of other thyroid
pathology, will be normal.
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Complementary information

Sources of xenobiotics

• Acrylamides and furans: toasted and fried carbohydrates, such as toasted bread or chips.

• Acrolein: grilled, barbecued or fried products.

• Aflatoxins: peanuts, nuts, corn, rice or soybeans that have been subjected to poor storage conditions
and have allowed fungal overgrowth.

• Heterocyclic aromatic amines (HAA): they are generated in the process of cooking proteins at high
temperatures, such as grilled fish, fried meat...

•Benzenes and ethylbenzenes: paints, varnishes, glues, adhesives, paint strippers, inks, lacquers,
insecticides, herbicides, cleaning and dry cleaning products. • Epoxides: plastics for structures, coatings
and adhesives with abrasive materials, friction materials, textile, casting, filters, lacquers and adhesives,
epoxy resins, epoxy paints.

• Benzopyrenes and Polycyclic Aromatic Hydrocarbons (PAH): they are generated in the environment
during the combustion of wood, petroleum (diesel and gasoline), oils, coal, tobacco. Also in culinary
preparations such as smoking, grilling, roasting, grilling, frying, baking, roasting and roasting.

• Polychlorinated biphenyls (PCBs): aerosols, candle smoke, petroleum derivatives...

• Bisphenol A (BPA): food packaging, dental composites, DVDs, computers, household appliances,
medical equipment, polycarbonate, component of antioxidant additive formulations in soft PVC.

• Chlorinated or halogenated solvents (hexachlorobenzene, dichloromethane): chemical cleaning
products and in paint strippers, water repellent for clothing, silicone lubricant and insulating fluid in
some electrical transformers.

• Filters: SPF, UVA and UVB solar filters.

• Phthalates (DBP DEHP BBP): cleaning products, food packaging...

• Fungicides: cyproconazole, propamocarb, tebuconazole. Herbicides: amitrole, glyphosate.

• Insecticides: DDT, parathion, lindane, chlorpyrifos, cypermethrin, pyriproxyfen, abamectin,
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cypermethrin pest control.

• Heavy metals: cadmium, ceramics, tobacco, paints, cast iron, batteries, PVC articles, paints, tiles, steel
pipes galvanized by zinc impurities, seafood...

• Heavy metals: mercury, dental amalgams, old thermometers, laxatives, paints, pesticides,
crustaceans, large blue fish...

• Heavy metals: lead paints, ceramics, pesticides, solder, tobacco smoke, batteries. Also in hard PVC
items: blinds, paints, old water supply pipes, sound and radiation screens, roof coverings, electronic
components, mirrors and glass.

• Nitrosamines: they come from the additives E250 and E251-sodium nitrite and E252-potassium
nitrate.

• Parabens: cosmetics, lipsticks, nail polishes, moisturizers, facial hygiene products, sunscreens,
deodorants, shampoos, aftershave lotions, eyelash masks, eye shadows or make-up, in food products
(ice cream, bakery products, soft drinks, cold meats, jellies or oils among others under the name of E-
214 (methyl p-hydroxybenzoate), E-215 (ethyl sodium p-hydroxybenzoate), E-218 (methyl p-
hydroxybenzoate), E-219 (methyl sodium p-hydroxybenzoate), E-219 (methyl sodium p-
hydroxybenzoate).

• Plastics: hot or microwaved water bottles, PET-1, PVC-3, PS-6 containers.

• Chemicals derived from industry: insecticides, herbicides, pesticides, paints, industrial pollutants...

• Superfluorinated substances (PFOA, PFOS): in pans, trays and other non-stick cookware.

• Triclosan: type of bactericide cosmetics, toothpastes...
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Additional information

The genetic polymorphisms included in this report have been selected on the basis of scientific
publications that endorse their interpretative value for predicting individual health risks.

There are changes in genes, which do not directly cause disease, but which alter the activity of an
enzyme, a transport protein or a receptor, which may themselves condition metabolic dysfunction, or in
association with other variants. Therefore, they can predispose to diseases or health alterations, if life
habits are not implemented and if appropriate nutritional or pharmacological supplements are not used.

Its objective is to make a risk prediction, i.e. Predictive Medicine, in order to implement a Personalized
Preventive Medicine.

The genetic polymorphisms that appear in this report are not directly a specific diagnosis, but a
complementary help for the health professional who has requested them. Consequently, it is solely
responsible for the conclusions and recommendations to the patient that it deems appropriate in each
case, regardless of what can be stated in general terms in this report.

It is the responsibility of the health care professional to incorporate the data in this report and any
recommendations that may arise from the interpretation of these polymorphisms into the patient's
medical record, along with other results from conventional analyses or other complementary
explorations.

This report may contain lists of suggested foods based on their nutrient content that may be beneficial
to the patient. However, such foods may not be indicated for food intolerances, allergies, specific diets,
or medications that the patient may be taking. Therefore, this report and its contents should be reviewed
together with the prescribing physician and decide within the suggested foods which to take. If not,
establish other food supplements.

The processing laboratory is responsible for the accuracy of the results obtained, but the interpretation
of the results is the responsibility of the health professional who requested them.

The genetic results presented do not allow us to conclude with certainty about the development of a
disease or its susceptibility, because the tests carried out do not allow us to consider all the factors that
contribute to the relative risk of a given susceptibility or of the possible evolution of a disease. Complex
variables such as the degree of risk to develop adverse effects to drugs, or to suffer from multifactorial
diseases in which genetic factors are not totally determinant are also relevant.
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