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Abstract

One carbon (1C) metabolism nutrients and the MTHFR 677 C>T
polymorphism have been found to be associated with blood pressure and
hypertension. An adequate status of 1C metabolism nutrients has been
proven to be beneficial for some health outcomes in adults and also in
pregnancy, from in utero development until later in life including childhood
and adulthood. Mandatory folic acid fortification of flour has been
demonstrated to reduce the incidence of neural tube defects (NTDs) and to
lower fasting plasma total homocysteine (tHcy). There is increasing interest in
the association between 1C metabolism and blood pressure although there is
still some inconsistency in the evidence and the underlying mechanism is

unknown. Foetal programming might be involved.

The aim of this thesis is to 1) explore the associations between fasting total
plasma homocysteine (as a marker of 1C metabolism nutrient and metabolite
status), the MTHFR 677C>T polymorphism and hypertension in an adult
population unexposed to mandatory folic acid fortification or B vitamin
supplement use and 2) investigate whether the MTHFR 677C>T
polymorphism is associated with blood pressure in very early life in the Reus-
Tarragona Birth Cohort study from early pregnancy until 7.5 years of age in

the children.

Seven hundred and eighty eight participants randomly selected from the
population town halls' registers, stratified by age and sex, participated in the
population study. This population was unexposed to mandatory folic acid
fortification and B vitamin supplement use. Both women and men in the 3"
tHcy tertile had lower folate and cobalamin status, and more of them had
suboptimal riboflavin status (based on Erythrocyte Glutathionine Reductase

Activation Coefficient category) compared to the other tertiles. Being in the
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3" tertile of tHcy compared to the 1% increased 1.8 times [OR=1.8 (1.0, 3.3)]
the risk of having hypertension in the total population. Stratifying by age
group, showed that the tHcy-hypertension association is driven by that
observed in the >50 years group [OR= 2.5 (1.2, 5.4)]. Having the MTHFR
677TT genotype increased the probability of having hypertension compared
to the MTHFR 677CC genotype, and the association was maintained after
adjusting for confounding variables, in people aged < 50 years [OR= 8.2 (1.3,
53.9)].

In the Reus-Tarragona Birth Cohort two hundred and twelve mother-child
dyads were followed up from < 12 gestational weeks (GW) of pregnancy and
the children at 7.5 years. Clinical, obstetrical, 1C metabolic and lifestyle data
was collected from pregnant women throughout pregnancy and
anthropometrical, 1C metabolic, blood pressure, clinical and lifestyle data
from the children. Biochemical data was obtained from fasting blood samples
collected at <12 GW, 24-27 GW, 34 GW and from the children at 7.5 years.
Non-fasting blood samples were also collected at labour and from the cord,
before expulsion of the placenta. Blood pressure measurements were taken
at the child check-up visit (“office blood pressure measurement”) and then
over a 24h period with Ambulatory Blood Pressure Monitoring (ABPM).
Maternal and child plasma and red blood cell (RBC) folate, plasma cobalamin,
fasting plasma total homocysteine (tHcy), methylmalonic acid (MMA),
maternal holotranscobalamin (holoTC) as well as Erythrocyte Glutathione
Reductase Activation assay (EGRAC), in the mothers, were determined. The
MTHFR 677 C>T polymorphism was also determined from leukocyte DNA.
Mean systolic (SBP) and diastolic (DBP) blood pressure measurements at
check-up were 103.8 and 64.1 mmHg, respectively. Differences between girls

and boys were found only in DBP. The prevalence of child hypertension was
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6.2%. Mean SBP and DBP measured by ABPM were 103.1 and 61.5 mmHg,
respectively. Girls’ systolic ABPM mean was lower than boys’. Diastolic ABPM
mean was similar between sexes. Using multiple logistic regression analysis
we observed that child MTHFR 677 CT genotype was associated with
increased probability of having prehypertension or hypertension [OR=6.5
(1.0, 43.5)] in the office BP model. Maternal MTHFR 677 CT genotype was
also associated with increased probability of having prehypertension or

hypertension [OR= 7.4 (1.0, 55.0)].

We found that the MTHFR 677 C>T polymorphism is associated with

increased risk of hypertension both in the adult and in early life.

Keywords: folate — homocysteine — MTHFR 677 C>T polymorphism —
pregnancy — foetal programming — child — blood pressure— hypertension
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Abbreviations

Abbreviations Definition

1C One carbon

ABPM Ambulatory blood pressure monitoring

ACEls Angiotensin converting enzyme inhibitors

AHA American Heart Association

AMP Adenosine monophosphate

ARBs Angiotensin receptor blockers

BBs Betablockers

BMI Body mass index

BP Blood pressure

CCBs Calcium channel blockers

Cl Confidence interval

CIA Confidence interval analysis

CVvD Cardiovascular disease

DASH Dietary approach to stop hypertension

DBP Diastolic blood pressure

DFE Dietary folate equivalent

DHF Dihidrofolate

dUMP Deoxyridine monophosphate

dTMP Deoxythymidylate monophosphate

EASTAC Erythrocyte aspartate aminotransferase activation
coefficient

EGRAC Erythrocyte glutathione reductase activation coefficient

eNOS Endothelial nitric oxid synthase

ESC European Society of Cardiology

ESH European Society of Hypertension

FAD Flavin adenine dinucleotide

FMN Flavin mononucleotide

GSH Glutathione

GSSG Glutathione disulfide

GR Glutathione reductase

GW Gestational weeks

GWAS Genome-wide association studies

holoTC Holotranscobalamin

IOM Institute of Medicine

IJNC Joint National Committee

MMA Methylmalonic acid
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Abbreviations

NAD Nicotinamide adenine dinucleotide

NADPH Nicotinamide adenine dinucleotide phosphate
NCDs Non-communicable diseases

NHANES National Health and Nutrition Examination Survey
NICE National Institute for Health and Clinical Excellence
NO Nitric oxide

NTDs Neural tube defects

PBS Phosphate buffered solution

PCFT Proton coupled folate transporter

RBC Red blood cell

RDA Recommended Dietary Allowance

RTBC Reus-Tarragona Birth Cohort

SAM S-adenosylmethionine

SBP Systolic blood pressure

tHcy Fasting plasma total homocysteine

THF Tetrahydrofolate

WHO World Health Organization
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Enzyme and genetic polymorphism nomenclature

Enzyme nomenclature

Abbreviation International Definition
nomenclature

BHMT EC2.1.1.5 Betaine-homocysteine s-
methyltransferase

DHFR EC1.5.1.3 Dihydrofolate reductase

eNOS EC 1.14.13.39 Endothelial nitric oxide
synthase

FPGS EC6.3.2.17 Folylpoly-gamma-
glutamate synthetase

FOLH1 EC3.4.17.21 Folate hydrolase

MTHFD1 EC1.5.1.5 Methylenetetrahydrofolate
dehydrogenase

MTHFR EC1.5.1.20 Methylenetetrahydrofolate
reductase

MTR EC2.1.1.13 Methionine synthase

MTRR EC2.1.1.13 5-methyltetrahydrofolate-

homocysteine
methyltransferase

reductase
TYMS EC2.1.1.45 Thymidylate Synthase
Genetic polymorphism nomenclature
Abbreviation Reference SNP Definition
MTHFR 677C>T rs1801133 Methylenetetrahydrofolate

reductase 677C>T

11



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

List of figures

List of figures

Figure 1. Folate and methionine cycles. ......cccooveeiiiiiee i 21
Figure 2. Structure of folic acid. ......cccvveiiiiiiiiiiei e 22
Figure 3. Countries with mandatory folic acid fortification............cccoec....... 25
Figure 4. Structure of riboflavin and its cofactors FMN and FAD. .................. 37
Figure 5. Scheme of the proposed hypothesis for an involvement of 1C
metabolism in the development of elevated blood pressure......................... 68
Figure 6. Participant flow chart from the population study. ........c..cccueeennnnee. 80
Figure 7. Structure of the Reus-Tarragona Birth Cohort Study pregnancy
o] T 1Y TS SRR 88
Figure 8. Recruitment participant flow chart from the follow-up phase of the
Reus-Tarragona Birth Cohort Study. ........cccoviiiiiiiiiiee e 91

Figure 9. Maternal 1C metabolism (plasma folate, RBC folate, plasma
cobalamin, tHcy and EGRAC) nutritional status during pregnancy depending
on their MTHFR 677 C>T polymorphism. .....ccueeeeciieeieciieeeciiee e 124
Figure 10. Child 1C metabolism (plasma folate, RBC folate, plasma cobalamin,
tHcy and MMA) nutritional status depending on their MTHFR 677 C>T
POIYMOIPRISIM. .ttt e e e e e sbre e e s ebeeeeeeaes 133

13



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin



UNIVERSITAT ROVIRA I VIRGILI

A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

List of tables

List of tables
Table 1. Dietary Reference Intakes of folate depending on life stage............ 26
Table 2. Riboflavin amount in food soUrces ........ccccocvveeeeiiiee e, 38

Table 3. Recommended Dietary Allowance of Riboflavin depending on sex

AN LIfE STAGE. 1eiiiieiiiee et e e e ean 40
Table 4. Classification for BP in adults. ......ccoecveevviiinieeiieeieecee e 45
Table 5. Classification of hypertension according to Office BP and ABPM .... 52
Table 6. Classification of BP according to ABPM. ........cccoecveeeeviiieeecciiee e 60
Table 7. Baseline characteristics of the study population according to sex
specific fasting plasma total homocysteine (tHcy) tertiles (umol/L). ........... 108

Table 8. Multiple linear regression analysis of factors associated with fasting
plasma total homocysteine in all participants and separately by sex. ......... 112
Table 9. Multiple linear regression analysis of factors associated with fasting
plasma total homocysteine in all participants and separately according to

MTHFR 677 C5T BENOTY P ettt s 116
Table 10. Association between moderately elevated fasting plasma total
homocysteine and diagnosed hypertension. ........ccccecvveeiecieeeiscieeesscieee s 118
Table 11. Association between moderately elevated fasting plasma total
homocysteine and diagnosed hypertension. ........ccccoccvveeiecieeeincieeeeccieee s 120
Table 12. Baseline descriptive characteristics of mothers during pregnancy.
....................................................................................................................... 122
Table 13. Baseline descriptive characteristics of children by sex during the
follow-up phase at 7.5 years of age. .....ccccueeeeeiieiiceiee e 127
Table 14. Baseline office BP and ABPM in children at follow-up at 7.5 years.
....................................................................................................................... 129
Table 15. Baseline descriptive characteristics of children with
prehypertension + hypertension vs normal tension...........ccccceeevcccviveennennn. 131
Table 16. Maternal biochemical characteristics during pregnancy, labour and
during offspring follow-up at 7.5 YEAIS. .....cccvieieeciiee ettt 134
Table 17. Checking mother-child genotypes of the MTHFR 677C>T ............ 136

Table 18. Associations between maternal and offspring demographic,
lifestyle, biochemical and genetic factors and office and ABPM BP

measurements in the Child.........ccccoiiiin e 138
Table 19. Association between maternal MTHFR 677 C>T polymorphism and
prehypertension or hypertension (with office BP and ABPM criteria). ........ 141

15



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

List of tables

Table 20. Association between child MTHFR 677 C>T polymorphism and
prehypertension or hypertension (with office BP and ABPM criteria). ........ 142

16



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

B
INTRODUCTION
I



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

Introduction

1. One carbon metabolism

One carbon metabolism (1C) is a complex metabolic network that consists of
the transfer of C units between different components of the folate and
methionine cycles, among others. It is involved in a lot of different reactions
and processes such as methionine synthesis, purine synthesis or glycine and
serine metabolism. This network is very important for cell growth,

differentiation and development.

As we can see in Figure 1, this metabolic network consists of different
substrates, amino acids, enzymes and cofactors that interact all together. B-
vitamins such as folate, cobalamin, riboflavin and pyridoxine act as co-factors
of the different reactions of one carbon metabolism. The availability of these
vitamins affects the outcome of these reactions. An imbalance in status in any
of these vitamins leads to an increase in fasting total plasma homocysteine

concentration.

Two inter-dependent cycles are part of this network: the folate cycle and the
methionine cycle. The folate cycle is the donor and receptor of C units
converting dietary folate into active forms and also transporting methyl
groups to methylation reactions involved in genes expression. Homocysteine
is remethylated to methionine in the methionine cycle (1). Depending on the

step of the cycle, a different form of folate is used.

The folate and methionine cycles intersect at the reaction in which
methionine synthase (MTR) catalyses the conversion of homocysteine to
methionine. The methyl group for this reaction is provided by the conversion
of 5-methyltetrahydrofolate (5-CH;THF) to tetrahydrofolate (THF). Cobalamin

is a coenzyme for MTR and is essential for the transfer of the said methyl
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group, provided by the folate cycle, for the remethylation of homocysteine to

methionine.

Homocysteine is a biomarker of the 1C metabolism network status and it
increases when there is low status of folate and other B-vitamins.
Homocysteine is a precursor for the formation of S-adenosylmethionine
(SAM), a methyl donor for some methylation reactions. SAM can be produced
endogenously in the methionine cycle or from dietary methionine. SAM is
involved in the post-translational modifications of proteins that can occur in
histones and non-histones proteins. Homocysteine is also involved in the

transulfuration pathway in which cystathione and then cysteine is produced.

In the folate cycle purines are formed from 10-formyITHF. 5,10-
methylenetetrahydrofolate (5,10-CH,THF) is converted to dihydrofolate (DHF)
with the help of thymidylate synthase (TYMS) transferring 1C units to the
reaction in which deoxyuridine monophosphate (dUMP) is converted to
deoxythymidylate monophosphate (dTMP). These reactions are involved in

the stabilisation of DNA (2).

Flavin adenine dinucleotide (FAD) is a cofactor for the enzyme methylene
tetrahydrofolate reductase (MTHFR), responsible for catalysing the
conversion of 5,10-CH,THF to 5-methyltetrahydrofolate (5-methyITHF).

Impaired 1C metabolism has been associated with foetal developmental
problems like neural tube defects (NTDs) (3,4), pregnancy complications like
preeclampsia and adverse pregnancy outcomes (5,6), as well as cancer (7,8)

and cardiovascular diseases (9-11), among others.
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Figure 1. Folate and methionine cycles.
Abbreviations: AHCY, adenosylhomocysteinase; BHMT, betaine-homocysteine s-methyltransferase; DHFR, dihydrofolate reductase; DMG,

dimethylglycine; MAT | & Ill, methionine adenosylmethyltransferases | & Ill; Met, methionine; MTHFD1, methylenetetrahydrofolate
dehydrogenase; MTR, methionine synthase; MTRR, 5-methyltetrahydrfolate-homocysteine methyltransferase reductase; SAH, s-
adenosylhomocysteine; SHMT, serine hydroxymethyltransferase. Adapted from (12).
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2. Folate
Structure, characteristics and functions

Folate (also known as vitamin Bg) is a water-soluble vitamin from the B-
vitamins group. It is composed of a pteridine ring attached to a p-
aminobenzoic acid and an L-glutamic residue. The different compounds of the
folate family vary in the length of L-glutamic residue, the oxidation of the

molecule and number of carbons linked.

o OQ.H\?,OH
: OH
OH Hw
NZ N\H‘ N 0]
H

/I“\“- | e
HsN N N
| [ [

pteridine ring p-aminobenzoic acid L-glutamic residue

Figure 2. Structure of folic acid.
Adapted from (13).

The folate family consists of two different molecules: folate and folic acid.
Natural forms of folate come from the diet and are found in nature in
different forms, normally in the reduced and polyglutamate form. The most
common form is 5-methylTHF (14). Folic acid (Figure 2), the monoglutamated
and totally oxidized form is found in supplements and fortified foods. Folic
acid is converted to 5-methylTHF in the human body. Folates in general are
sensitive to oxidation by light, heat and oxygen during food processing. Folic
acid is more stable and resistant to thermal degradation compared to food

folate (15,16).
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The principal functions of folate are nucleotide and amino acid synthesis,
being involved in DNA synthesis and reparation. It plays a role in one carbon
metabolism transferring methyl groups when needed and participates in DNA
methylation, important in gene expression (17,18). Folate status is an
important determinant of fasting plasma total homocysteine concentration
(tHcy) (19). Folate deficiency has been identified as a major cause of
hyperhomocysteinemia, thus being a risk factor for cardiovascular disease
(CVDs) (20,21). Supplementation with folic acid reduces the risk of stroke

(11,22) and cognitive impairment (23,24) among others.

Sources, bioavailability and requirements

Folate cannot be synthesised by humans and other mammals so it must be
obtained from a variety of dietary sources. Foods rich in folate are liver,
yeast, green leafy vegetables, fruits, nuts and seeds (25). Bread, potatoes,
and dairy products have a low folate content but as they are highly consumed
in our population, they contribute to the total folate intake (26). Main dietary
sources of folate intake in Spain are vegetables (21.7-24.9%) and cereals
(10.7-11.2%) (27). Folic acid comes from supplements and fortified foods.
Vegetables were the main source of folate in the USA before fortification but
after fortification the situation changed and bread and crackers were the
main source, contributing to 15.6% of total intake (28). Countries like Finland,
Ireland, Germany, France, Italy, Spain and Greece were reported to have
moderate folate intake (250-350 pg/day). Norway, Sweden, Denmark and The
Netherlands had low intake (<250 pg/day) (29). These differences may be due
to the different dietary habits between Northern European diets and
Mediterranean diets. Dietary intake of total folate increased in all groups of

the NHANES study except in females older than 60 years. Mean dietary total
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folate increased from 275 pg/day to 351 pg/day comparing NHANES I,
conducted during 1988 to 1994 (prior to folic acid fortification), and NHANES
1999-2000, after fortification (28).

Intestinal hydrolysis of polyglutamate residues, food folate conjugation,
intestinal folate absorption, food matrix, instability of labile folates before
ingestion or during digestion and genetic variants are influencing factors of
folate absorption that can modify folate bioavailability (13). The RDA
(Recommended Dietary Allowance) is based on the daily needed amount of
folate according to the Institute of Medicine (IOM) (25). Dietary Folate
Equivalent (DFE) is the unit of measurement that considers the variation of
bioavailability of food folate and folic acid from supplements and fortified
foods. DFE is calculated as the quantity of food folate, plus the quantity of
folic acid in the diet multiplied by 1.7 (30). Food folate bioavailability is lower
than folic acid’s (31-33). Folic acid bioavailability is 85% and food folate
bioavailability is about 50% (34), so the factor of 1.7 is derived from the 85:50
ratio (35). Folate bioavailability is a relevant topic in countries without folic
acid fortification where food folates are an important source of the vitamin

(36).

Adequate intake of folic acid before pregnancy and during early pregnancy
protects against NTDs (3,4,37). Czeizel et al. demonstrated that all women
planning a pregnancy should take a vitamin supplement with folic acid
because multivitamin supplementation containing 0.8 mg of folic acid during
periconceptional period could prevent NTDs in women with no previous
history of NTD-affected pregnancies (3). A study carried out in China found
that taking periconceptional 400 pg/day of folic acid reduced by 85% the

prevalence of NTDs in pregnancies of at least 20 Gestational Weeks (GW) (4).
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Mandatory folic acid fortification of flour and cereal grain products began in
January 1998 in the USA (38) and November 1998 in Canada (39). The aim
was to increase folic acid intake in women of childbearing age in order to
reduce the risk of NTDs in pregnancies (40,41). This policy consists of
fortifying all products made from cereal grain flours with 140 pg folic
acid/100 g of flour (38). As we can see in Figure 3, nowadays more than 75
countries have implemented this policy and the amount of folic acid added
varies by country (42). The current recommended daily intake of folic acid
supplements for women of reproductive age for reducing the risk of NTDs are
400 pg/day (40). The amount of folic acid in the fortification policy in the USA
has not been increased in order to exceed the RDA of of 1000 ug/day for
adults (25).

Figure 3. Countries with mandatory folic acid fortification.

Red countries have legislation for wheat flour alone, green countries for wheat and
maize flour, orange countries have legislation for wheat flour and rice, blue countries
for wheat and maize flour and rice (Costa Rica and the United States) and yellow
country has legislation for rice alone (42).

Mandatory folic acid fortification increased serum and red blood cell (RBC)
folate concentrations in the American population independently of age and
sex. Serum folate increased from 11.4 nmol/L to 26.9 nmol/L, and mean RBC

folate concentration increased from 375 nmol/L to 590 nmol/L. The optimal
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RBC folate concentration to prevent NTDs is 2906 nmol/L and only less than

10% of women of childbearing age achieved this value (28).

RDAs for folate during different life stages are shown in Table 1. For babies
until 6 months of age and from 7-12 months the RDA is 65 and 80 pg/day
respectively. For children from 1 to 3 years of age the recommendation is 150
pg/day DFE. From 4 to 8 years of age they need to increase the intake to 200
pg/day and from 9 to 13 years of age the RDA is 300 pg/day. In women and
men over 14 years of age the RDA is 400 pg/day DFE (25). The IOM
recommends that pregnant women from all ages should take 600 pg/day of
DFE (25) but in Spain the RDA is 500 pg/day DFE (43) for the prevention of
NTDs.

Table 1. Recommended Dietary Allowance of folate depending on life stage.

Life stage RDA (pg/day DFE)
Babies until 6 months of age 65"
Babies from 7 to 12 months of age 80"
From 1 to 3 years old 150
From 4 to 8 years old 200
From 9 to 13 years old 300
> 14 years 400
Pregnant women 600
Women in lactation period 500

Abbreviations: DFE, Dietary Folate Equivalents; RDA, Recommended Dietary
Allowance
1Adequate intake (25).
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Absorption, transport and metabolism

Folate absorption and transport consists of different phases occurring in the
intestine. As previously stated, mainly we find folates in the polyglutamated
form but before being absorbed in the small intestine, polyglutamated forms
of folate need to be deconjugated to monoglutamate forms by folate
hydrolase 1 (FOLH1) in the intestinal brush border membrane (44). Only the
monoglutamated form of folate can cross cell membranes. Folic acid is not
capable of passing through biological membranes by simple diffusion, so
there is a folate transport system for the regulation of normal folate
homeostasis in the intestine. After this step they are ready to be transported
to the circulation through the intestine. Monoglutamate folate can be
absorbed through a saturated process in an acid pH or a nonsaturable
absorption when folate concentrations are higher than 5-10 mmol/L in the
intestine (45). The reduced folate carrier 1 (RFC1), also known as Solute
Carrier family 19A member 1 (SLC19A1), and the proton coupled folate
transporter (PCFT), also known as Solute Carrier family 46A member 1
(SLC46A1) are two different soluble mechanisms of carrier-mediated
transport of folate (44), both found in the apical membrane of the intestine
(46). RFC1 has low affinity for reduced folate and even lower affinity for folic
acid but the PCFT has a high affinity for folate and folic acid (46). The RFC1
acts in neutral pH and transports folate to all body tissues. The PCFT
transports folate in the duodenum and jejunum and works in acidic pH (44).
The optimum pH for folate transport is 5 (45), so PCFT predominantly
transports folate to enterocytes (46). Folic acid from supplements or fortified
foods, is mostly reduced to 5-methyITHF. Some folic acid is also found as free
folic acid (unmetabolised) circulating in the blood. Plasma folate, 5-

methyITHF in particular, is bound to low-affinity proteins. 50% of folate is
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bound to albumin. Little folate is bound to high-affinity folate receptors.
When folate is transported to the different body tissues, the RFC1 is

responsible for its transport because of its pH (pH= 7.4) (44).

Monoglutamated forms are found in plasma and urine but tissue folate is
predominantly found in the polyglutamated form. To be kept inside the cell,
folate needs to be transformed again to the polyglutamated form by
folylpoly-gamma-glutamate synthetase (FPGS) (47). Red Blood Cell (RBC)
folate is commonly found as 5-methylTHF polyglutamates. This form of folate
is used in the remethylation of homocysteine to methionine by MTR and its
cofactor cobalamin producing tetrahydrofolate (THF). THF can be converted
to 5,10-methyleneTHF by methylenetetrahydrofolate dehydrogenase
(MTHFD1) needed for purine synthesis. THF can also be produced in the
reduction of DHF by DHFR enzyme. 5,10-methyleneTHF is reduced to 5-
methyITHF in a reaction catalysed by the MTHFR enzyme. 5-methyITHF acts
as the methyl donor needed for the remethylation by MTR. MTHFR is the
most important reaction in the folate cycle because it is irreversible and it is
the only enzyme that generates 5-methyITHF needed for DNA synthesis and
methylation (48).

Folate status and deficiency

Serum or plasma folate status reflects recent folate intake (in a defined
moment of time) as well as folic acid supplement use. It is the most used
method for evaluating folate status (49). RBC folate indicates long term folate
status (approximately 120 days) reflecting folate reserves. During

erythropoiesis, erythrocytes concentrate folate but when they reach maturity
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they cannot discharge folate, so they store it (18). It is very important in the

first stages of life development.

Originally folate deficiency was considered when folate status was <7 nmol/L
(50). Now the accepted cut-off for folate deficiency is <10 nmol/L (51). The
WHO also adheres to this threshold (52). For RBC folate the cutoff for folate
deficiency was <340 nmol/L (52). For the prevention of NTDs the WHO
recommends RBC folate status of >906 nmol/L in women of childbearing age

(53).

Folate deficiency is prevalent in some countries with no mandatory folic acid
fortification. In a Spanish cross-sectional adult population study, the
prevalence of folate deficiency was 18.8% overall and 24.2% in women of
fertile age (54). A cross-sectional study of a Mediterranean population found
that approximately 50% of healthy women of childbearing age had RBC folate
concentrations lower than 305 nmol/L and all of them were <906 nmol/L (the
limit for the prevention of NTDs). Surprisingly in this study, 51% of these
women reported taking supplements (55). Folate deficiency is very low in
countries with folic acid fortification. Countries with mandatory folic acid
fortification like the USA have experienced an important change in folate
status and deficiency before and after folic acid fortification. Prevalence of
low serum folate status decreased from 21% to <1% and low RBC folate
status from 38% to 5% before and after fortification respectively (56). In the
NHANES 2007-2012, 22.8% of women had suboptimal RBC folate status (57).
Low folate status may be caused by low dietary intake, poor absorption of
folate and impaired folate metabolism due to genetic defects or drug
interactions (58). Inadequate folate intake has been associated with impaired
DNA synthesis, repair and methylation leading to diseases such as neural tube

defects (3,4), megaloblastic anemia (59), preeclampsia and other adverse
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pregnancy outcomes (5,6), cancer (7,8), cardiovascular diseases (10,11)
among others (60). Some studies suggest a protective effect of folate against
the risk of NTDs (4,37). Folate metabolism is affected by B-vitamin

deficiencies and genetic polymorphisms such as MTHFR 677 C>T.

Folate, homocysteine and MTHFR 677 C>T polymorphism

The MTHFR enzyme is a key enzyme in 1C metabolism because it affects the
provision of 1C units for nucleotide synthesis and the products of the reaction
synthesise methyl groups for some biological processes. The MTHFR 677 C>T
polymorphism is a mutation located at base position 677 of the gene
encoding the MTHFR enzyme. It results in the substitution of cytosine for
thymine leading to a valine instead of an alanine in the codon 222 (61). This
produces a thermolabile enzyme with reduced activity in vitro (61). The
MTHFR C allele has higher enzyme activity than the T allele (61). The reduced
activity of the enzyme results from the inappropriate loss of its flavin adenine
dinucleotide (FAD) cofactor (62) and this leads to elevated tHcy status (61).
The MTHFR enzyme catalyses the reduction of 5,10-methyleneTHF to 5-
methylTHF helped by the coenzymatic form of riboflavin called FAD (Flavin
Adenine Dinucleotide), cofactor of the MTHFR enzyme. This reaction is
irreversible and is required for the conversion of homocysteine to methionine
in the remethylation pathway (48). The binding affinity of the FAD cofactor
and the MTHFR enzyme is weaker in the presence of mutant MTHFR (63) but
high folate status compensates this situation (62,63). Riboflavin is an
independent predictor of tHcy (64,65) but only in people with the TT
genotype (64). The effect of the MTHFR 677C>T polymorphism on tHcy also

depends on riboflavin status (66). Supplementation with riboflavin stabilizes
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the variant enzyme and helps to maintain adequate levels of folate, thus
preventing increased homocysteine. Carriers of the TT genotype are more

sensitive to riboflavin status than those with the CC or CT genotypes (67).

A study of more than 7000 newborns from 16 different areas of the world
found that the prevalence of the variant form of this polymorphism (MTHFR
677 TT) varies between countries and ethnicities. They found that the USA
and Canada had the lowest prevalence (5-10% approximately and 5.8%
respectively) compared with Italy (26.4%) and Mexico (32.2%) that had the
highest (68). In Spain the prevalence of the homozygote variant was reported
to be 18.1% in a representative sample of an adult population from Southern

Catalonia (54) and 11.8% in the Wilcken et al. study (68).

Folate is the major determinant of tHcy concentrations (65). Low folate status
is associated with elevated fasting tHcy (69,70). Homocysteine metabolism is
affected by both environmental and genetic factors. tHcy concentrations
increase with age and are higher in men than in women (65,71). Riboflavin
status has also been associated with tHcy (65). Independently of the level of
folate intake, people with the MTHFR 677 TT genotype have lower plasma
folate status than those with the CC or CT genotypes. When plasma folate

status is high, tHcy status is similar among all of the genotypes (72).

tHcy is a risk factor for CVD (73), adverse pregnancy outcomes (6) and other
diseases. Reducing tHcy concentration by 25% lowers the risk of ischemic
heart disease and stroke by 11 and 19% respectively (74). Supplementing
with folic acid helps to reduce tHcy concentrations (75). Higher tHcy
concentrations were associated with male sex and older age (65,71).
Smoking, high BP, elevated cholesterol status and lack of exercise are other

factors related to elevated plasma tHcy (71). Smoking and drinking were
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positively associated with increased plasma tHcy concentrations (76) but
another study reported that smoking and coffee were positively associated
but in case of alcohol the association was negative (77). McNulty et al.
reported that elevated tHcy levels were limited to people with the MTHFR
677 TT genotype with poor riboflavin status (67) and that supplementation

with riboflavin (1.6 mg/d) for 12 weeks decreased tHcy concentrations (78).

Following mandatory folic acid fortification in the USA, folate status was
improved and tHcy reduced. Mean tHcy in adult participants decreased from
10.1 to 9.4 umol/L before and after fortification respectively in the
Framingham Offspring Study cohort and the prevalence of high tHcy
considered as tHcy >13 umol/L was reduced from 18.7% to 9.8% (79).

The MTHFR 677 C>T genotype was an independent predictor of plasma
folate, RBC folate and plasma homocysteine concentrations in Northern
Chinese women of childbearing age (80). The TT genotype was the most
common genetic cause of elevated tHcy in humans in a Dutch cohort (aged
20-65 y) (72). Folate status was lower in the MTHFR 677TT and SLC19A1 80AA
genotypes compared with wildtype genotypes in Spanish adults aged 18-75
years (54). Serum folate and RBC folate levels were lower and plasma tHcy
was higher in people with the MTHFR 677 TT genotype compared to the CC
genotype in different populations (61,80-84). A publication in the
Framingham Offspring Study cohort showed that supplementing enriched
grain products with folic acid improved folate concentrations and decreased
homocysteine (79). TT genotypes had higher plasma Hcy levels in CAD
patients compared with CC and CT genotypes (85). A trial with women of
childbearing age taking different doses of folic acid supplements (100, 400,
and 4000 pg/day and 4000 ug/week) found that the MTHFR 677 TT genotype

was associated with lower folate concentrations compared to the CC and CT
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genotypes, at all doses. Doses of 100 pg/day or 4000 pg/week of folic acid did
not reduce high tHcy concentrations in people with the MTHFR TT genotype
(80).

Folate and homocysteine in pregnancy

Folic acid supplementation during pregnancy protects against folate sensitive
NTDs (3,37). This led to the recommendation to take 400 pg/day of folic acid
during preconception and the first trimester of pregnancy to women planning
to get pregnant (40). The USA and Canada implemented the mandatory
fortification of flour with folic acid in 1998 with the aim of the reducing of the
incidence of NTDs (38,39). In Spain the RDA for pregnant women is 500
pg/day (43). In the USA and Canada it is 600 pg/day (25).

Folate is crucial during pregnancy for fetal growth and cell replication. If
women do not take folic acid supplements during pregnancy, serum and RBC
folate decrease remarkably as pregnancy progresses (86—88). Folate
deficiency, as well as megaloblastic anemia, can be prevented through folic
acid supplementation (86). Before 12 GW to 15 GW of pregnancy plasma
folate increases (89), it increases only in the case of women with low plasma
folate status (87,90). After 15 GW plasma folate decreases (87,89). During
gestation maternal folate status decreases due to foetal folate requirements
as well as placental development and maternal tissue development. Plasma
folate drops due to the physiological changes associated with pregnancy such
as haemodilution, increased renal function and maintenance of the materno-

placental-foetal unit (91).

Folic acid supplementation during pregnancy is associated with lower tHcy

status compared to no supplementation (91,92). In case of stopping folic acid
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supplementation in the Reus-Tarragona Birth Cohort (RTBC) plasma folate
concentrations decrease as do RBC folate concentrations, but these decrease
later (87). Taking supplements of 400 pg/day of folic acid during the 2™ and
3" trimesters of pregnancy increase maternal RBC folate and cord blood
folate status compared to unsupplemented mothers. As a result, maternal
folate concentrations remain stable and the natural rise of homocysteine
levels in late normal pregnancy does not occur (90). Cord blood folate is

higher than that of the mothers at labour (87,93).

Different studies have found an association between high maternal tHcy and
pregnancy complications. High tHcy status or hyperhomocysteinemia is
associated with lower birth weight than babies born to mothers with normal
homocysteinemia (92), small for gestational age (94) and preeclampsia
(95,96), among others. Plasma folate was inversely associated with tHcy in
pregnancy (87). RBC folate and plasma cobalamin concentrations were
negatively associated with maternal homocysteine (97). Maternal plasma
tHcy was inversely associated with birth weight independently of maternal
weight, height, GW at labour and baby’s sex (97). A previous study from our
group showed that tHcy decreases from preconception to mid pregnancy
approximately. On the contrary in late pregnancy it increases in pregnant
women who do not take folic acid supplements (91,92). The decrease in tHcy
that takes place in early pregnancy is not due to folic acid supplementation,
hemodilution or serum albumin decrease, hence it is hypothesised to be
related to a physiological effect of pregnancy itself. However, in a study
carried out by our research team, folic acid enhanced the reduction because
it was greater in mothers who take folic acid supplements (91). As Spain has
no mandatory folic acid fortification, this study helped to investigate tHcy

variation during pregnancy. In another study by our group, plasma folate was
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inversely associated with tHcy throughout pregnancy in the mothers with
folate status below the median (14.1 nmol/L) during the first trimester of
pregnancy. However in mothers with plasma folate status above the median
in the first trimester, due to regular folic acid supplement use or use of
supplements >400 pg/d, there was no association between plasma folate and
tHcy while supplementation lasted (87). Pregnant women have 50-60% lower
tHcy concentrations compared to non-pregnant women (98). tHcy
concentrations at preconception and labour were very similar in the
unsupplemented group in the Pre-C study in Spain (92). Fetal cord tHcy was
significantly lower than tHcy at labour in two studies in Spain and in Ireland

(92,99).

Birth weight (BW) is regularly used in perinatal epidemiology as an indicator
of health status of the babies. Folic acid supplementation is positively
associated (100) and tHcy negatively associated with birth weight with
(92,101). Babies born to mothers in the highest tertile of tHcy had lower birth
weight compared to babies with mothers in the lowest tertile of tHcy (92).
Low maternal folate status in pregnant women was associated with higher

body mass index (BMI) in the offspring (102).
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3. Riboflavin

Structure, characteristics and functions

Riboflavin (also known as vitamin B,) is an essential and water-soluble vitamin

from the B-vitamin group.

In 1916, McCollum thought that 2 factors composed the diet: fat-soluble A
present in foods like butter fat or fish oil and water-soluble B found in milk,
egg yolk and wheat embryo. In 1926, Goldberger and others discovered that
pellagra was associated with a lack of vitamins and they thought that this
yellow pigment was useful for preventing pellagra so they called it anti-
pellagra factor. He thought it was the same water-soluble component that
McCollum discovered. One year later, the British Committee on Accessory
Food Factors defined vitamin B, as the most heat-stable component of the
anti-pellagra factor. In 1932 Warburg and Christian extracted a yellow
enzyme from yeast, nowadays known as riboflavin. In the next year riboflavin
was isolated from different sources and was given its name depending on the
source ovoflavin (from eggs), lactoflavin (from milk), hepatoflavin (from liver)
and uroflavin (from urine). A few years later, in 1937 Theorell discovered
flavin mononucleotide (FMN) and in 1938 Warburg and Christian discovered
the structure of flavin adenine dinucleotide (FAD). The essential nature of the

vitamin as a food constituent for man was shown in 1939 (103).

The molecule of riboflavin is composed of an isoaloxazine ring attached to a
ribitol as a side chain (104). There are 2 coenzymes formed from riboflavin.
The first is riboflavin-5’-phosphate, also called FMN. Flavokinase is the
enzyme responsible for the phosphorylation reaction from riboflavin to FMN.

The second coenzyme is FAD, synthesized from FMN. The enzyme in charge
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of this reaction is FAD synthase, that adds adenosine monophosphate (AMP)

to FMN (104). FAD is the predominant form of riboflavin found in the body.
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Figure 4. Structure of riboflavin and its cofactors FMN and FAD.
Adapted from (104).

The principal functions of riboflavin cofactors FMN and FAD are in oxidation-
reduction (redox) reactions and in energy metabolism reactions such as the
respiratory chain, metabolism of fats, ketone bodies, carbohydrates and
proteins (104). Riboflavin is an antioxidant nutrient that prevents lipid
peroxidation and reperfusion oxidative injury. Riboflavin also plays an
important role in 1C metabolism, as the MTHFR enzyme uses FAD as a
cofactor and the TT genotype has reduced enzyme activity due to the loss of
the FAD cofactor (63). It is also involved in the synthesis and activation of

some vitamins like pyridoxine, niacin and folate.
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Sources, bioavailability and requirements

Riboflavin is mostly found in meat, poultry, animal viscera, fish, eggs, milk and
dairy products like cheese. Broccoli and other green vegetables are other
sources of riboflavin (105). In Western diets milk, dairy products and meat are
the main source of riboflavin (106). Riboflavin content from different food

sources is shown in Table 2.

Table 2. Riboflavin amount in food sources.

Riboflavin Riboflavin
Food sources Food sources
(mg/100¢g) (mg/100¢g)
Liver 2.6 Yoghurt 0.26
Foie-gras and patés 0.85 Beef 0.22
Roquefort cheese 0.7 Spinach 0.19
Almonds 0.67 Whole milk 0.18
Sardine 0.4 Lamb 0.16
Eggs 0.33 Peas 0.15

Adapted from (107).

Natural grain products have low amounts of riboflavin, so some countries
decided to fortify bread and cereals to increase riboflavin status (106). In the
1940s, mandatory restoration of riboflavin lost during milling to flour with

riboflavin was implemented in the United States.

Even though plants and many microorganisms are able to synthesize
riboflavin, animals and humans cannot synthesize water-soluble vitamins and
must obtain riboflavin from exogenous sources such as diet. Riboflavin is not
stored in the body, so there is a need to consume it every day. If there is an

excess of riboflavin in the body it is excreted in the urine (104). Urinary
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excretion of riboflavin is in the form of free riboflavin. Another source of
riboflavin can be through intestinal microbiota, leading to homeostasis of

riboflavin status (108).

The predominant available form of riboflavin in food is FAD. FMN is found in a
lower proportion. Both are mostly in a non-covalent bound form because in
case of being covalently bound they cannot be absorbed (109). Free riboflavin
is scarcely found in food but milk and eggs contain it bound to specific binding
proteins (110). Dainty et al. wanted to quantify the bioavailability of riboflavin
from milk and spinach using stable-isotope labels with urine and plasma
samples and they found that the amount of flavins absorbed from milk or
spinach was approximately 60-65% (111). The maximum riboflavin absorbed
in @ meal or dose is about 27mg, with an estimation of bioavailability of 95%
of food flavin (112). The bioavailability of riboflavin also depends on the way
of cooking and processing food. Riboflavin is heat-stable but it is light-
sensitive, so it can be lost due to UV light exposure. Food containing
riboflavin should not be stored in transparent containers. For example when
milk was sold in glass bottles, flavins could be degraded, so to avoid this
problem it is important that these products are inside an opaque container

(104).

The RDA for riboflavin is 1.4 mg/day for adults (113), obtained eating a
balanced diet. The requirements of riboflavin dietary intake depending on sex
and life stage are shown in the table below. Older people need to consume
higher quantities of riboflavin. For babies until 6 months of age and from 7-12
months the RDA is 0.3 and 0.4 mg/day respectively. Children from 1 to 3
years of age the estimated RDA is 0.5 mg/day of riboflavin. From 4 to 8 years
of age they need to increase 0.1 mg/day their intake and from 9 to 13 years

of age the RDA is 0.9 mg/day. From 14 years of age onwards, the
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recommendation is different for women and men. Women from 14 to 18
years of age are recommended to have a riboflavin intake of 1.0 mg/day and
from 19 to >70 years of age 1.1 mg/day. Men from 14 to >70 years of age
need to consume 1.3 mg/day of riboflavin (114). During pregnancy and
lactation there is a higher requirement of vitamins, so the intake is higher
than in any other life stage. The RDA for pregnant and lactating women is 1.4

and 1.6 mg/day, respectively (114).

Table 3. Recommended Dietary Allowance of Riboflavin depending on sex
and life stage.

Life stage RDA (mg/day)
Women Men
Babies until 6 months of age 0.3 0.3
Babies from 7 to 12 months of age 0.4 0.4
From 1 to 3 years old 0.5 0.5
From 4 to 8 years old 0.6 0.6
From 9 to 13 years old 0.9 0.9
From 14 to 18 years old 1.0 1.3
From 19 to 30 years old 1.1 1.3
From 31 to 50 years old 1.1 1.3
From 51 to 70 years old 1.1 1.3
> 70 years old 1.1 1.3
Pregnant women 1.4 -
Lactating women 1.6 -

Abbreviations: RDA; Recommended Dietary Allowance (114).

Ariboflavinosis is the name given to riboflavin deficiency. Although riboflavin
deficiency is not very common, it can be found in populations of low
socioeconomic status which have a low intake of meat and dairy products
(115-118). Surprisingly, some populations in countries like the United
Kingdom (119), the USA (120) and France (121) have unexpectedly observed a

higher proportion of cases of riboflavin deficiency. It is important to have an
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adequate daily intake of riboflavin. The Erythrocyte Glutathione Reductase
Activation Coefficient (EGRAC) is a functional indicator of riboflavin status
(described below) and increasing EGRAC indicated worsening riboflavin
status. EGRAC is affected by riboflavin intake, and decreased when women
aged 19-25 years old from the United Kingdom were supplemented with 2 or
4 mg of riboflavin during 4 or 8 weeks. When the supplementation was
interrupted, EGRAC returned again to baseline values (122). Riboflavin
supplementation increases riboflavin status, so in consequence EGRAC

decreases (123)(124).

Some consequences of ariboflavinosis are sore throat, cheilosis, hyperaemia,
edema of oral and mucous membranes, angular stomatitis and glossitis (113).
Other symptoms of the deficiency are anemia (125), seborrheic dermatitis,

swollen tongue and impaired nerve function (113).

Absorption, transport and metabolism

Riboflavin is absorbed in the small intestine. As riboflavin is mainly found as
FMN and FAD, they must be hydrolysed to free riboflavin before the
absorption by intestinal phosphatases in the enterocytes. Primary absorption
of riboflavin consists of a saturable ATPase active transport system. The
capacity of absorption increases when riboflavin is increased in the presence
of food and bile salts. In human blood some riboflavin is bound to albumin
and other proteins as immunoglobulins. A little amount of riboflavin

circulates via the enterohepatic system (104).
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Riboflavin measurement: functional method

The gold standard method of measuring riboflavin status is the EGRAC assay.
This functional method consists of the reduction of the oxidized form
glutathione (GSSG) to the reduced form (GSH). The enzyme involved in this
reaction is glutathione reductase (GR), an enzyme that is FAD-dependent and
is released from the membrane of washed red cells. As this enzyme needs
FAD to be activated, samples are analysed in duplicate adding or not
exogenous FAD. EGRAC is calculated as the ratio between stimulated (with
exogenous FAD added) and non-stimulated (without exogenous FAD added)
glutathione reductase activity, as we can see below (126). NADPH is oxidized
to NADP*. The change of colour produced from this reaction is measured by

using a spectrophotometer set at 340 nm.

GR-FAD

GSSG + NADPH+FAD ————— GSH + NADP* Stimulated
GR-FAD
GSSG+NADPH —n GSH + NADP* Non-stimulated

If the EGRAC value equals 1, it means that the enzyme has enough FAD to
react and it is saturated. Higher values of EGRAC mean that the enzyme
needs more FAD to be saturated. The higher the value of the EGRAC assay is,
the lower the riboflavin status. There is not an established criteria for the
values of this functional method. Originally, an optimal riboflavin status was
considered for EGRAC <1.2, values between 1.2 and 1.4 indicated marginal
status and EGRAC >1.4 indicated riboflavin deficiency (104). Nowadays some
studies have used another cut-off classifications for measuring riboflavin

status. Values lower than 1.3 are considered an optimal riboflavin status,
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between 1.3 and 1.4 suboptimal status and values higher than 1.4 mean

riboflavin deficiency (127).

The improvement of riboflavin status provoked an increase in the number of
circulating red blood cells and haemoglobin concentration, the lower the
riboflavin status was at the beginning of the study, the higher was the
increase in red blood cell number or hemoglobin concentration in a study
with 123 women with riboflavin deficiency (EGRAC> 1.40) randomly assigned

to receive 2 or 4 mg riboflavin or a placebo for 8 weeks (122).
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4. Blood pressure

Introduction to blood pressure: Definitions and classification

Blood pressure (BP) is the pressure the exerted against the walls of the
arteries as blood flows throughout the body. BP regulation is complex as it
depends on different factors such as some physiological systems, organs,
hormonal signals and vasculature. BP changes depending on the time of day

and the heart’s needs (128).

BP is estimated as systolic and diastolic blood pressure. Systolic blood
pressure (SBP) is the maximum pressure that blood applies to the artery walls
during a heartbeat or contraction called systole. Diastolic blood pressure
(DBP) is the minimum pressure that blood applies to the artery walls when
the heart is relaxed between beats or contractions, also called diastole (128).
All BP measurements are given as SBP/DBP mmHg. SBP is always the highest
number and DBP the lowest. Both SBP and DBP values are important as they
are indicators of human’s health and the proper and efficient functioning of
vital organs (129). There is a minimum blood pressure needed for optimal
functioning of the body and its vital organs. SBP should be be 90 mmHg or
higher and DBP 60 mmHg or higher, it can vary depending on the person
(130).
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Table 4. Classification for BP in adults.

SEC (131) ESC/ESH (132)(133) WHO (129) AHA (134) CDC (135)
BP Category SBP DBP SBP DBP SBP DBP SBP DBP SBP DBP
Optimal <120 <80 <120 <80
Normal 120-129 80-84 120-129 80-84 <120 <80 <120 < 80" <120 <80
High normal 130-139 85-89 130-139 85-89
Prehypertension - - - - 120-139 80-89 - - 120-139 80-89
Elevated 120-129 <80
Hypertension 140-159 90-99 140-159 90-99 2140 290 130-139 80-897 - -
stage 1
High - - - - - - - - 2140 290
Hypertension 160-179 100-109 160-179 100-109 - - 2140 290? 2160 >100
stage 2
Hypertensive >180 >110 >180 2110 - - >180 2120 - -

crisis (or grade 3)

Abbreviations: AHA, American Heart Association; BP, Blood Pressure; CDC, Centers for Disease Control and Prevention; DBP, Diastolic Blood

Pressure; ESC, European Society of Cardiology; ESH, European Society of Hypertension; SEC, Sociedad Espafiola de Cardiologia; SBP, Systolic Blood

Pressure; WHO, World Health Organization. The Spanish Guidelines are based in the European Guidelines of the ESC/ESH (131,136). Adapted from

(137). *and, 2or.
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BP is classified depending on SBP and DBP measurements. As shown in Table
4 there is not a global consensus in BP classification, there are some
differences depending on the organization criteria. In general normal BP is
defined when BP is 120/80 mmHg or lower. SBP values between 120-139
mmHg and DBP 80-89 mmHg are considered to indicate prehypertension,
occurring in people at high risk of developing hypertension. In case of the
European Society of Cardiology (ESC) classification when SBP is 130-139
mmHg and DBP is 85-89 mmHg BP is considered high-normal. SBP between
120-129 and DBP <80 mmHg is considered elevated in case of the American
Heart Association (AHA). Values from 140 to 159 mmHg of SBP or 90-99 DBP
are considered stage 1 of hypertension (SBP 130-139 and 80-89 in case of the
AHA) and measurements higher than these are considered stage 2 of
hypertension. Grade 3 hypertension (or hypertensive crisis for the AHA)
consist of values of SBP higher than 180 mmHg and DBP higher than 110
mmHg in case of the ESC or 120 mmHg in case of the AHA). High blood
pressure or hypertension is when your BP is repeatedly too high.
Hypertension is defined when SBP is equal or higher than 140 mmHg and DBP
is equal or higher than 90 mmHg (>140/90 mmHg) (129). The Spanish
Guidelines are based on the European Guidelines of the ESC/ European

Society of Hypertension (ESH) (131,136).

Depending on the aetiology, there are 2 types of hypertension: essential or
primary hypertension and secondary hypertension. Essential hypertension is
idiopathic, there is not an identifiable cause for the disease but it is thought
that it is due to a combination of genetics and other lifestyle factors.
Secondary hypertension is caused by other diseases that can lead to

hypertension such as chronic kidney disease and renal artery stenosis (138).
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About 90% of the cases of hypertension are essential hypertension and

approximately 10% are secondary hypertension (139).

Prevalence of Cardiovascular Diseases and Hypertension

Cardiovascular diseases (CVDs) are the leading cause of death (140). Every
year approximately 17 million people die due to CVDs (141) (ischaemic heart
disease and stroke provoked 15.2 million deaths in 2016) (140).
Unfortunately about 80% of these CVD deaths occur in low and middle

income countries (141,142).

Hypertension is one of the most important risk factors for mortality. In 2010
there were 9.4 million deaths caused by hypertension (143). Forty five
percent of ischemic heart disease deaths and 51% of stroke deaths are
caused by hypertension (141). The prevalence of hypertension is constantly
increasing (probably due to ageing, the growth of the world’s population and
other risk factors) (129). From 1980 to 2008 the cases of hypertension
increased from 600 million to 1000 million (144). It is expected that in 2025
the prevalence will increase by 60% compared to the year 2000 when more
than a quarter of the population was suffering this disease (142). The
prevalence worldwide was 22% in adults over 18 years of age in 2014 (145).
The number of cases of hypertension varies between the different countries.
Limiting the references to studies with a representative population, from
2009 to 2010 the prevalence of hypertension in the adult population in the
USA was 29.5% (146). Data in 2013 showed that there were 78 million adults
with hypertension (147). The prevalence was 30% in the UK (148) and 29.6%
in 2009 in China (149). Data from 2 Spanish studies found that the prevalence
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of hypertension of the adult population in Spain ranged from 33.3% to 42.6%
(150)(151).

Since hypertension is usually an asymptomatic disease, not everyone is aware
of their condition and this makes it difficult to detect. In the NHANES study
from 2009 to 2010 the 74% of adults with hypertension reported being aware
of having the disease. Consequently the 26% were unaware, representing a
high percentage of people (146). The variability in the awareness by people
with the disease depends on the country and type of population. In a Chinese
study 41.6% were aware (152), but in the Spanish population the grade of
awareness was higher, at 59.4% (151). As mentioned before, most of the CVD
and hypertension cases occur in developing countries maybe due to an
increased risk of exposure to adverse factors and a lack of control and
awareness of these. The main inconvenience in these countries is the scarcity
of data available regarding hypertension and not enough resources for a
better control of the disease. In low income countries awareness is lower
than in other countries and the prevalence is different between urban and

rural zones (48.4% and 31.2% respectively)(153).

Established risk factors for hypertension (modifiable and non-modifiable)

Hypertension is a multifactorial disease. Modifiable and non-modifiable
factors can affect hypertension. The modifiable factors are lifestyle factors
such as diet, smoking, alcohol consumption, obesity, physical activity among
others. The non-modifiable risk factors are sex, age, ethnicity, family history
of hypertension and genetic factors (129,132,139). Changing the modifiable

risk factors and improving lifestyle can help to prevent hypertension.
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As different studies have demonstrated, hypertension varies between sexes.
Hypertension is more prevalent in men than in women (150,154), although
this varies between populations. According to the US NHANES study, it affects
30.2% of men and 27.7% of women (154) and a Spanish study reported
49.9% in men and 37.1% in women (150) However, postmenopause, the
prevalence in women is higher than in men (155). As age increases, the
prevalence of hypertension also increases (156,157). It was reported to be
7.5% of people aged 18-39 compared with 33.2% of people aged 40-59 and
63.1% of people aged 60 years or more in a study in the United States (154).
In a Spanish study the prevalence of hypertension in people between 61-75
years of age was 75.4% (72.5-78.4) and in those older than 75 years was
88.7% (85.6-91.8) (150). Hypertension prevalence was higher in non-Hispanic
blacks compared to the other ethnicities in the USA (146)(154). The
prevalence in non-Hispanic blacks was 40.3% compared with non-Hispanic
whites, non-Hispanic Asians and Hispanics with prevalences of 27.8%, 25.0%

and 27.8%, respectively (154).

Heavy smoking is associated with increased blood pressure (158). A Japanese
study showed that 24-hour ambulatory BP was significantly lower during the
nonsmoking period than in the smoking period and that BP decreased a week
after smoking cessation (159). A reduction in alcohol consumption reduces
ambulatory systolic BP (160). BMI is positively associated with BP (161). Lack
of physical activity is responsible for 5-13% of the risk of developing
hypertension. Fitness is associated with lower risk of having hypertension in
future life, demonstrating that physical activity is very important for the

prevention of hypertension (162).
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Measurements

There are two principal ways of measuring BP, office and the out of office
measurements. The office or clinic BP measurement is the classical and
common way to measure BP in the clinical setting and is carried out by a
trained health professional with a sphygmomanometer or an electronic BP
monitor (137). This procedure is described in detail in the Methods section.
Out-of-office measurements are classified as: home BP measurements and
Ambulatory Blood Pressure Monitoring (ABPM). In this thesis the focus for
out of office BP measurements will be on ABPM. It is a technique that
consists of repeated BP measurements during one day at defined intervals of
time, normally every 15-30 minutes during the day, and every 30-60 minutes
during the night time. It gives information over 24h, day-time BP and night-
time BP (163). All the steps needed for the correct measurement of this

technique are explained in detail in the Methods section.

BP is variable, it can undergo short-term and long-term variability. Short-term
variability is due to fluctuations over 24h including beat-to-beat, minute-to-
minute, hour-to-hour, and day-to-night changes which can be detected with
ABPM. Long-term variability consists in oscillations in more prolonged periods
of time as days, weeks, months, seasons or years detected with office BP,
home BP or ABPM (164). Long-term variability can be caused by a poor BP
control in treated patients like inadequate treatment, poor adherence and

use of an inappropriate methods to measure BP (165).

In both methods (office BP and ABPM), it is extremely important to measure
BP carefully and properly because one mistake can lead to poor diagnosis of
patients. The principal limitation of office BP compared to ABPM is that office

BP consists of one measurement at a precise moment of time and it is not
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always representative of real BP because it is obtained under circumstances
that can stress or influence the patient like being in the doctor’s office, a
phenomenon known as the white-coat effect. Other limitations are that it has
a higher risk of error because of human characteristics and variability (137).
On the contrary, ABPM method obtains multiple measurements during 24h
improving the accuracy of the values and making it easier to follow up BP and
detect variation between readings (163). The ABPM method is proposed to
be the gold standard in the diagnosis of hypertension, reducing the cases of
misdiagnosis and saving medical costs (163). Healthcare costs are reduced
using ABPM compared to office BP and home BP (166). In fact in 2011 the
National Institute for Health and Clinical Excellence (NICE) Guidelines in the
United Kingdom recommended ABPM measurements for hypertension
diagnosis as a result of the accurate diagnosis (reducing misdiagnosis), the
adoption of the most suitable treatment and the cost-effectiveness of the
technique (167). Countries like Italy, Germany, the United States or China
subsidise the use of ABPM for BP measurement (163). In United States ABPM
is the selected method for hypertension diagnosis and treatment in adults in
primary care (166). The principal advantages of ABPM are the high number of
readings that can be obtained during 24h, the reproducibility of 24h mean
values, daytime and night time BP (it is important to take into account that BP
measurements during night time can only be obtained with ABPM), diagnosis
of white-coat hypertension and masked hypertension (reducing false
negatives) in treated and untreated people, interpretation of BP profiles,
diagnosis of nocturnal hypertension and dipping patterns, evaluation of 24h
BP variability, evaluation of antihypertensive medication efficacy and
detection of excessive BP lowering (163). Hypertension classification depends
on the technique used. Table 5 describes the criteria for the diagnosis of

hypertension depending on the method. We can see that in the case of ABPM

51



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

Introduction

the diagnosis of hypertension is defined when SBP is equal or higher than 130
mmHg and DBP is equal or higher than 80 mmHg (2130/80 mmHg) (163).

Table 5. Classification of hypertension according to Office BP and ABPM

Office BP ABPM
Day time Night time 24h
SBP DBP SBP DBP SBP DBP SBP DBP
2140 290 2135 >85 2120 270 2130 >80

Abbreviations: BP, Blood Pressure; DBP, Diastolic Blood Pressure; SBP, Systolic
Blood Pressure (132,163).

As mentioned before one of the advantages of ABPM is the diagnosis of
white-coat hypertension and masked hypertension. White-coat hypertension
is when office BP values are high but out-of-office BP values are normal.
White-coat hypertension is diagnosed when office BP is >140/90 mmHg,
daytime ABPM is <135/85 mmHg and night time ABPM is <120/70 mmHg
(163). The prevalence of white-coat hypertension is between 15-30% (168).
For a correct diagnosis of white-coat hypertension it would be interesting to
record BP over 24h by ABPM and confirm again the diagnosis in 3-6 months
(163). The United States Preventive Service and the American Heart
Association suggest that it is important to measure out-of-office BP to
diagnose hypertension before taking antihypertensive drugs (169)(170).
Besides 24h and daytime BP, the European Society of Hypertension (ESH) in
2013 gave importance to mean BP at night considering it useful for the
diagnosis of white-coat hypertension (132). Night time BP was also important
for the prediction of CVD, non-CVD and total mortality (171). Different studies
have evaluated the prevalence of white-coat hypertension considering 3

different criteria: only daytime BP, daytime BP and 24h BP, or daytime, 24h
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and night time BP. In the Jackson Heart Study the prevalence of white-coat
hypertension was 10.6% considering 24h, daytime and night time BP
compared to daytime BP (29.6%) and daytime and 24h BP (21.1%) (172).

Masked hypertension is when office BP values are normal but out-of-office BP
values are high. Masked hypertension is diagnosed when office BP is <140/90
mmHg, awake ABPM is >135/85 mmHg and sleep ABPM >120/70 mmHg
(163). The prevalence of masked hypertension is between 8-20% depending
on the population and whether they are treated or not (173). This disease is
difficult to identify because when office BP values are normal clinicians do not
suggest checking BP with ABPM thus the disease is often undetected and not
treated (174). It is important to detect it and then to have a correct diagnosis
of the disease so as to get the correct drug treatment. It is associated with a
higher target organ injury a random sample of the normotensive participants

including in young people (175).

Due to the multiple and precise readings of this technique ABPM is a better
predictor of CVD events and other health outcomes compared to home BP
and office BP (176,177). However, these results contrast with the results of
the PAMELA Study whose conclusion was that the 3 methods had the same
predictability of death (178).

Disadvantages of ABPM are limited availability in general practice, possibility
of inaccurate readings, expensive device (although is a cost-effective
technique), discomfort at night, objection to use by some patients and

difficulty in identifying artefact measurements (163).

The criteria for considering an ABPM recording acceptable is based on the
number of valid measurements needed. In adults, it has been estimated that

a minimum of 20 valid awake measurements during the day should be
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repeated. A 24h recording should contain almost 70% of the expected
measurements (163). In children experts consider quality ABPM recordings
when there is minimum 1 reading per hour, 40-50 during 24h or 65-75%

successful recordings (179).

Health consequences

High blood pressure has become a public health problem due to its
relationship with CVDs such as stroke, myocardial infarction and heart failure
among others (132,180). The World Health Organization (WHQO) aims to
prevent and control CVDs and other non-communicable diseases (NCDs)
reducing the premature mortality by 25% by 2025 and the modifiable risk
factors (181). According to the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 7), the relationship between BP and risk of CVD events is
“continuous, consistent, and independent of other risk factors” (137).
Hypertension is the most important modifiable risk factor in CVDs and
cardiovascular morbidity and mortality (143) and the strongest risk factor for
any type of stroke (182). Hypertension, smoking, waist-to-hip ratio, diet and
physical activity are the principal risk factors for stroke and can explain 88.1%
of the stroke cases according to the INTERSTROKE study, a case-control study
carried out in 22 countries (182). As said before, 51% of stroke deaths are due
to high BP (141). High-normal blood pressure is associated with an increased
risk of cardiovascular disease (183). The Framingham Heart Study found that
SBP, DBP and other BP factors were good predictors of stroke (184). In the
Prospective Study Collaboration, Lewington et al. found that BP is strongly
associated with vascular mortality in middle and older aged population, with

no evidence of a threshold as far down as at least 115/75 mmHg (185). This
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observation led to the incorporation of prehypertension to the BP
classification in some guidelines as the JNC7, as prehypertension is often
underdiagnosed (137). An increment of 20 mmHg in SBP or 10 mmHg in DBP
with people’s BP from 115/75 to 185/115 mmHg doubles the risk of CVD in
people aged 40-69 years (185). The effect of hypertension was higher in
people younger than 45 years than in people older than 45 years (182). Small
reductions in BP are associated with an important decrease in CV risk

especially in hypertensive patients with other risk factors (186).

Treatment

As hypertension is a silent disease it is important to diagnose it and if
necessary, to treat it. Uncontrolled hypertension is common in some
populations when treated hypertensive people do not reach the target BP.
Data from an American study showed that the prevalence of uncontrolled
hypertension in the studied population varied from 12.8% to 16.6%. There
were no differences between sexes but the prevalence increased with age
(187). The EURIKA (European Study on Cardiovascular Risk Prevention and
Management in Usual Daily Practice) study revealed that 51.6% of the
European population have uncontrolled hypertension (188). In the Chinese
population 34.4% of hypertensive people were treated but only 8.2% had
their BP controlled. When hypertension remains uncontrolled, the
probabilities of having myocardial infarction, heart failure, stroke or kidney
disease are increased (189,190). Untreated or not well treated hypertension

causes increased morbidity and mortality (161).

There are two types of treatment: lifestyle modifications and drug treatment.

Lifestyle modifications are very important for the prevention of hypertension
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and the reduction of BP when needed. Its main objective is to reduce BP and
prevent CVDs. Some approaches should be introduced to improve people’s
health such as eating a healthy diet, having a correct weight, practice regular
physical activity and stopping smoking and drinking alcohol (137). The Dietary
Approaches to Stop Hypertension (DASH) diet, a diet that consists of an
increased consumption of fruits, vegetables, low-fat dairy products and
reduced consumption of saturated fat and cholesterol, decreases SBP and
DBP (191). Also the combination of low sodium intake and the DASH diet was
associated with lower SBP compared with the combination of high sodium
intake and the control diet (192). Some studies have found that weight loss of
approximately 4.5 kg, effectively reduces BP (193,194). As previously stated,
regular physical activity reduces BP (195,196). Physical activity is always
recommended as additional treatment to drug treatment (132). Lifestyle
modifications should be implemented in hypertensive people but also in non-
hypertensive people as initial treatment or in addition to drug treatment. In
case of not achieving the desired BP reduction with lifestyle modifications,
drug treatment should be started. Hypertensive people should reduce their
BP to <140/90 and in case of having diabetes or kidney disease the
recommendation is <130/80 mmHg (132).

Drug treatment is started if BP rises or is high and depending on CVD risk. The
aim of the antihypertensive drug therapy is to reduce morbidity and CVD and
renal mortality and avoid target organ damage (137). There are different
available options, most treatments start with thiazide-type diuretics. When
diuretics are contraindicated for BP reduction other drug treatments should
be used as first line of treatment. Monotherapy can control BP of 30% of
hypertensive population Then in some cases one antihypertensive drug is not

enough for reducing hypertension and two or more might be needed (197-
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199). Thiazide-type diuretics can be used alone or in combination with other
drugs as angiotensin converting enzyme inhibitors (ACEls), angiotensin
receptor blockers (ARBs), beta blockers (BBs) or calcium channel blockers
(CCBs) (137,200). There are even different treatments to control BP, and in
some cases other measures should also be implemented to guarantee some
patient groups are properly treated. Multifactorial programmes with
strategies to manage BP should be implemented as for example evidence-
based guidelines like clinical guidelines (180). There is a need to find some
strategies for prehypertension prevention because people with
prehypertension have a higher risk of developing hypertension in a short time
(201). Following the JNC-7 guidelines people with prehypertension need to
reduce and maintain their BP to normal levels following lifestyle advice given
by the clinician. Otherwise, drug treatment should be started (137). People
with stage 1 hypertension should be treated with drug treatment if lifestyle
modifications fail in reducing BP. Stage 2 or 3 hypertension must be treated
with medication. The treatment goal for hypertensive people is <140/90
mmHg and <130/80 mmHg for diabetic hypertensive people (137).
Antihypertensive therapy is associated with a reduction of stroke by 35-40%,

myocardial infarction 20-25% and heart failure by 50% or more (202).

In 2014 the expert panel of the Joint National Committee created a new
guideline called the Eighth Joint National Committee (JNC-8) where they
mainly updated information about hypertension treatment. Following the
JNC-8 guidelines, people from 60 years or older should use antihypertensive
therapy with the purpose of decreasing BP when their BP is 2150/90 mmHg.
People younger than 60 years old may need drug treatment for lowering BP
when it is 2140/90 mmHg. Adults with diabetes or chronic kidney disease

should start medication if their BP levels are >140/90 mmHg. Comparing with
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JNC-7, in JNC-8 the initial antihypertensive treatment can be with thiazide-
type diuretics, CCBs, ACEls or ARBs, not only thiazide-type diuretics. If target
BP is not reached in one month, it is recommended to increase the dose or

add a second drug (180).

The SPRINT study, in which people older than 75 years participated,
compared an intensive treatment to achieve a target SBP of <120 mmHg
versus a standard treatment to achieve a target BP of <140 mmHg and found
that the intensive treatment reduced CVD by 33% and mortality by 32%
(203).

Blood pressure in children

High blood pressure in children is becoming a public health problem. The
number of children with elevated BP is increasing, with a prevalence of 2-5%
(204,205) being higher because of the increasing prevalence of child
overweight and obesity (206,207). BP in children can predict BP in adulthood
and may be associated with CVD later in life. This is the reason why it is so
important to diagnose elevated BP during the early stages of life (208,209).
Children with elevated BP will have a higher risk of developing CVD and high
BP in adulthood (210,211). Controlling BP during childhood can help to
reduce public health costs, which are high compared to normotensive
children (212). If we find the main factors that lead to high BP in children it
will be easier to prevent high BP in children and in consequence later in

adults.

Boys have higher BP than girls (213,214) and hypertension increases with age
(215). The prevalence of elevated BP was 10% at age 5.5 years, 10% at 9.2
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years, 7% at 12.5 years, and 9% at 15.6 years, respectively (215). From
children with elevated BP at the initial visit, the proportions who had elevated
BP at the subsequent visit 3-4 years later was 13% between ages of 5.5 and
9.2 years, 19% between 9.2 and 12.5 years, and 27% between 12.5 and 15.6
years. As in adults, BMI is associated with elevated BP in children
(206,209,216). Overweight and obesity were associated with elevated BP in
children (217). SBP, DBP and waist circumference were significantly higher in
overweight and obese children compared to normal weight children (218). A
cross-sectional study with adolescents aged between 11-17 years found that
overweight was independently associated with hypertension (219). Regular

physical activity reduces BP in pre-pubertal obese children (220).

The BP diagnostic criteria in children depend on sex, age and height. This
information is compiled in some tables where there is a precise classification
of BP. These tables are attached in the Appendices section. The BP tables
include the 50th, 90th, 95th, and 99th percentiles. For office BP, hypertension
in children and adolescents is defined when SBP and/or DBP surpasses the
95th percentile on more than 3 occasions. BP above the 90th percentile but

lower than the 95th percentile is considered prehypertension (209).

The classification for ABPM in children is different. In Table 6 there is a

summary of the classification of BP depending on ABPM (221).
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Table 6. Classification of BP according to ABPM.

Classification SBP
Clinic Mean Ambulatory

Load
Point BP SBP (24h)
(%)
Normal BP <P95 <P95 <25
White-coat hypertension >P95 <P95 <25
Masked hypertension <P95 >P95 >25
Prehypertension >P95 <P95 25-50
Ambulatory hypertension >P95 >P95 25-50
Severe ambulatory hypertension
>P95 >P95 >50

(at risk for end-organ damage)

Abbreviations: BP, Blood Pressure; SBP, Systolic Blood Pressure (221).
SBP load refers to the % of valid ambulatory SBP measures above the 95th percentile
of BP for age, gender, and height.

The procedure for measuring BP in children is described in the Methods

section.

Folate, homocysteine and blood pressure

Some studies have found an association between folate and BP, but the
results are controversial. Serum folate is inversely associated with BP in non-
pregnant women of childbearing age with high prevalence of folate deficiency
(222). Higher folate intake is associated with decreased BP and risk of
hypertension. Folate intake was inversely associated with having
hypertension as participants in the highest quintile of total folate intake had a
lower risk of having hypertension compared with participants in the lowest
quintile (HR: 0.48; 95% ClI: 0.38-0.62) in the Coronary Artery Risk

Development in Young Adults study (223). In a cohort study of women of
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childbearing age with high prevalence of folate deficiency, serum folate was
inversely associated with BP. Women with folate deficiency had higher BP
levels compared to non folate deficient women (222). Other studies say that
taking supplements with folic acid and other B-vitamins such as Bg and B, did

not reduce the risk of CVD in patients with vascular disease (224).

Elevated tHcy concentration increases the risk of CVDs (74,225). Some cross-
sectional studies reported that elevated tHcy concentrations are associated
with increased risk of having hypertension (6,226). Approximately a 5 umol/L
increase in homocysteine was associated with increases in DBP and SBP of 0.5
and 0.7 mmHg respectively in men and of 0.7 and 1.2 mmHg in women (226).
However, other studies observed no association (227,228). Plasma tHcy has
been reported to be positively associated with SBP in other studies

(71,229,230).

Childhood is an important phase for the development of some diseases.
Wang et al. found that low maternal folate in late pregnancy mostly in obese
mothers can increase child metabolic risk in the forms of overweight or
obesity (231). Another study of children found that tHcy, SBP and DBP were
significantly lower in the folic acid supplemented compared to the control
group of mothers. This may mean that folic acid supplementation may
prevent CVD in children in early life (232). A positive association was found in
girls between RBC folate and SBP whereas there was no association between

vitamin serum biomarkers concentrations and DBP (233).
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MTHFR 677 C>T polymorphism and blood pressure

The MTHFR 677 C>T polymorphism has been reported to be positively
associated with BP, but the evidence is inconsistent. In a cohort study with
3000 Japanese patients Inamoto et al. found that the TT genotype was
positively associated with hypertension in women but not in men (234). A
case-control study in New Zealand with hypertensive versus normotensive
individuals showed that MTHFR 677 CT and TT polymorphism increased the
risk of essential hypertension (OR=1.57, 95% Cl: 1.04-2.37) (235). In addition
two studies conducted in the USA and Turkey respectively reported an
increased risk of hypertension in homozygous participants for the
polymorphism assessed in comparison to wildtype participants (85,236).
Being a carrier of the variant T allele was associated with a 60% increase in
the risk of hypertension compared to non-T carriers in the New Zealand and
USA studies (235,236). Another case-control study in Mexico where there is
mandatory folic acid fortification, reported a relationship between the
polymorphism and hypertension in adults but not in children (237). Cheng et
al. reported that DBP was higher in TT patients in comparison to those with
the other genotypes and found no differences in SBP among the three
genotypes (238). The MTHFR 677 C>T polymorphism is significantly
associated with DBP independently of blood lipids (239). Two meta-analyses
in China found a positive association between MTHFR 677 C>T polymorphism

and the risk of developing hypertension (240,241).

On the other hand Fowdar et al. found no association between MTHFR 677
C>T and hypertension (242). A study in an Algerian population also found no
association between the MTHFR 677 C>T polymorphism and the risk of
hypertension (243).
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Riboflavin and blood pressure

Supplementing with 1.6 mg/day of riboflavin lowered homocysteine in people
with the TT genotype, not with the CC or CT genotype (78). Furthermore,
riboflavin has been reported to play a role as a modulator between the

MTHFR 677C>T polymorphism and hypertension.

Riboflavin has been found to reduce blood pressure in different studies
(123,124). TT patients with low riboflavin status had higher BP at baseline
than CC and CT genotypes. In patients with high riboflavin status this
tendency was not observed (123). Supplementing premature CVD patients
with riboflavin (1.6 mg/d) for 16 weeks decreased SBP by 13.4 mmHg and
DBP by 7.5 mmHg only in the TT genotype, no effect was shown in CC or CT
genotypes (123). After 4 years, they continued to corroborate in a follow-up
study with a crossover design that blood pressure in people with the MTHFR
677 TT genotype remained lower with riboflavin supplementation (124).
Previously our group found that TT genotype adults with marginally deficient
or deficient riboflavin status, had higher tHcy compared to the CC genotype,
independently of folate status (66). TT patients do not react as effectively to
antihypertensive drugs as the other genotypes do, as reported in a study in
which 63% of TTs were hypertensive and even taking medication failed to
achieve target blood pressure with drugs (123). Even though in 2008 different
antihypertensive drugs were prescribed to patients, almost 50% of them with
the TT genotype could not achieve the expected BP (124). Having
hypertension is influenced by the genotype and riboflavin status,

independently of the drugs used (124).
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Foetal programming of blood pressure

Foetal programming consists of all the permanent adaptations in organ
structure and function the foetus makes to adapt to the environment in
which it develops, and have a lasting effect later in life (244).

During gestation the embryo grows. In the embryonic phase (0-8 weeks of
gestation) when the programming begins, the embryo does not grow a lot
physically but all his “information” will be found in the genes. . In the foetal
phase (from 9 weeks of gestation until birth) is when growth occurs and cell
division is produced. For optimal cell division, nutrients and oxygen are
required. If the foetus is in a suboptimal nutritional situation he adapts to it
and there is a decrease in the speed of cell division that can have lasting
effects in the body (245).

Genetic factors and prenatal environment are very important in the
development of chronic diseases later in life (246). Low birth weight is a
marker of insufficient nutrient and oxygen status. Low birth weight is
associated with a higher risk of developing diseases such as diabetes (247),
high blood pressure (248) and others in early life and adults. Also it is
associated with more deaths from ischaemic heart disease (249). A meta-
analysis demonstrated an inverse association between mortality and birth
weight showing a decrease in cardiovascular mortality (HR=0.88, 95% Cl:
0.85-0.91) for every extra kg in birth weight (250). One of the most
influencing factors in prenatal environment affecting birth weight and foetal
growth is maternal nutrition (251). Suboptimal maternal nutrition during
pregnancy affects foetal nutrition, leading to impaired growth during early
life and with a higher risk of developing CVD later in life (248,252). Some
studies such as the Dutch famine study, in which they found that maternal

malnutrition during pregnancy increases the risk of coronary heart disease in
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the offspring, have corroborated this (253). Another study in China reported
increased risk of hyperglycaemia later in life in children born in the Chinese
famine (254). Thus the intrauterine environment appears to have a lasting
effect on the development of the offspring. The capacity of one genotype to
produce different phenotypes depending on the environment during
development is termed developmental plasticity (255). If the in utero
environment and the postnatal environment are similar then foetal
adaptation in utero is adequate and not associated a priori with health
problems in later life. On the contrary if the two environments are different,
the foetal adaptation in utero will be in vain and may result in disease later

(247,256).

As mentioned before not only in utero environment influences foetal growth,
genetic factors are also important. The mechanism by which the foetus
adapts to the different environments is through epigenetics. Epigenetic
changes are permanent heritable changes in the genome. These changes are
usually due to DNA methylation, microRNAs or histones acetylation. (257)
The intake of one carbon metabolism nutrients is important for DNA
methylation because they can generate, transfer and release methyl groups
(258). The Pune Maternal Nutrition Study based in Pune (India), investigated
the effect of macro and micronutrients and foetal birth weight and growth
and found that energy intake and protein were not associated with birth size
but micronutrients were related to foetal growth and that small babies had
mothers that were shorter and weighed more compared with babies that
have an adequate growth (259). Yajnik and collaborators have studied the
relationship between one carbon metabolism and offspring growth for years.
They found no association between plasma cobalamin at 18 GW and height

and fat mass in offspring at 6 years of age (260). In 2014 they reported an
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association between maternal plasma folate and insulin resistance in children
at 9.5 and 13.5 years old (261).

Impaired DNA methylation has been associated with elevated blood pressure
(262). High blood pressure or hypertension is one of the diseases that may
have its origins in foetal programming. It begins in utero and it lasts until later
in life. It is believed that changes in foetal blood flow can alter the blood
vessel wall provoking an increase in blood pressure (263). Different studies
have investigated the relationship between maternal nutritional status and
BP but the results are inconsistent. A randomised control trial in Nepal
showed that the offspring of mothers who took multivitamin supplements
had lower SBP at 2.5 years (264). Maternal supplementation with folic acid
and iron or zinc were not associated with BP in the children at 6-8 years old
(265). The Generation R prospective cohort study found no association
between maternal first trimester folate and homocysteine with child BP, but
found an association between low maternal cobalamin (lowest quintile) and
low DBP but not SBP (266). Also Krikke et al. in the Amsterdam Born Children
and their Development study (ABCD) concluded that maternal nutritional
status during pregnancy could program cardiometabolic health of the
offspring but they did not find significant associations between maternal
folate and cobalamin with BP in the offspring (102). On the contrary in the
Boston Birth Cohort (BBC) children born to mothers with cardiometabolic risk
factors and high folate status (those whose mothers had folate levels above
versus below the median; range: 30.33-185.51 nmol/L) had 40% less
probability of having elevated SBP compared to children born to mothers
with cardiometabolic risk factors but with low folate (below the median,

range: 6.64—30.31 nmol/L) status [OR= 0.60 (0.40-0.90)] (267).
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Mechanisms by which 1C metabolism may influence blood pressure

It is not clear by which mechanism 1C metabolism affects BP but it may
involve endothelial function (268). The vascular endothelium is a layer of cells
that is in contact with the blood and plays an important role in cardiovascular
health and disease. The more BP increases the more endothelial function is

impaired, it depends on the grade of hypertension (269).

Folic acid has proven to be protective against CVDs. Nitric oxide (NO) is a
vasodilator that has beneficial properties for health such as anti-
inflammatory, antithrombotic and others. High doses of folic acid improve NO
bioavailability when there is impaired endothelial function (270-272) and
reduces plasma tHcy (79). Folic acid supplementation improves endothelial
nitric oxide synthase (eNOS) coupling, it increases NO bioavailability and
prevents CVDs. On the other hand, homocysteine also has a role in impaired
endothelial function. It decreases the bioavailability of NO resulting in
impairment of the vasodilator properties of endothelial cells (273), increasing
oxidative stress (274), stimulating the proliferation of vascular smooth muscle
cells and modifying the elasticity of the vascular wall without affecting eNOS
expression (275). NO production is reduced through the formation of
peroxynitrite in the reaction between superoxide and NO (276,277). This
leads to vasoconstriction of blood vessels increasing BP levels. Figure 5 shows

this hypothesis schematically.

Antioxidants such as vitamin C, E or others have been used as a treatment for
hypertension (278). Other treatments have also been tested.
Supplementation with B-vitamins can decrease homocysteinemia and may

subsequently lower BP.
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Figure 5. Scheme of the proposed hypothesis for an involvement of 1C metabolism in
the development of elevated blood pressure.

Another possible mechanism by which BP is regulated is through DNA
methylation and epigenetic modifications. DNA methylation takes place in
the carbon 5’ position of cytosine in the CpG islands (279). DNA methylation
is the link between genes, environment and phenotypes such as BP and it
regulates gene expression (279). The variant genotype of the MTHFR 677 C>T
together with low folate status modifies DNA methylation because people
with the TT genotype have lower DNA methylation compared to CC (280).
There is some inconsistency about what genes influence BP as the different
meta-analyses give different results. Some meta-analysis have reported
different genes that regulate BP but it is not clear which ones are more
important. Genome-wide association studies (GWAS) have uncovered
numerous SNPs associated with BP. One meta-analysis reported that TSPAN2
is a candidate gene for BP regulated by heritable DNA methylation (281).
Another meta-analysis found associations between SBP or DBP and common
variants in regions near the genes CYP17A1, CYP1A2, FGF5, SH2B3, MTHFR,
c100rf107, ZNF652 and PLCD3 genes (282). In a meta-analysis with the Global
BPgen Consortium, 4 loci were significant for SBP (ATP2B1, CYP17A1,
PLEKHA?7, SH2B3), 6 for DBP (ATP2B1, CACNB2, CSK-ULK3, SH2B3, TBX3-TBX5,
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ULK4) and 1 for hypertension (ATP2B1) (283). Further studies should be done

to identify the genes involved in BP mechanism.
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Hypothesis and objectives

1. Population study

Hypothesis

In the absence of mandatory folic acid fortification and B vitamin supplement

use,

Moderately elevated tHcy increases the risk of having diagnosed

hypertension.

The MTHFR 677 C>T polymorphism increases the risk of having diagnosed

hypertension.

Objectives

Main objective

To investigate the relationship between components of one carbon
metabolism and diagnosed hypertension in a representative sample of an
adult population unexposed to mandatory folic acid fortification and B

vitamin supplement use.

Specific objective

- To investigate the lifestyle, nutritional and genetic factors associated with

tHcy.

- To investigate the relationship between tHcy and diagnosed hypertension.

- To investigate the relationship between the MTHFR 677 C>T polymorphism

and diagnosed hypertension.
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2. Reus-Tarragona Birth Cohort

Hypothesis

Maternal tHcy and the MTHFR 677 C>T polymorphism during pregnancy are

associated with blood pressure in the offspring during childhood.

Objectives

Main objective
To investigate the association between components of maternal one carbon

metabolism and blood pressure in the children aged 7.5 years.

Specific objectives

- To describe maternal one carbon metabolism nutrient and metabolic

parameters, according to MTHFR 677C>T genotype throughout pregnancy.

- To describe one carbon metabolism indicators according to child MTHFR

677C>T genotype in children aged 7.5 years.

- To compare one carbon metabolism nutrient and metabolic parameters

during pregnancy with those in children at 7.5 years.

- To investigate the association between maternal MTHFR 677C>T genotype
and lifestyle factors and prehypertension and hypertension in children at 7.5

years.
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- To investigate the association between child MTHFR 677C>T genotype and

lifestyle factors and prehypertension and hypertension in children at 7.5

years.
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Material and methods

1. Population study

1.1. Design and study population

The population study is a cross-sectional study that was carried out between
1998 and 2002 by the Unit of Preventive Medicine and Public Health,
Universitat Rovira i Virgili and the primary health centres that collaborated in

the study.

Participants aged between 18-75 years were randomly selected from a
representative sample, stratified by age and sex, from the town halls’
population registers from 3 villages of Tarragona province (Cambrils, El Morell

and la Pobla de Mafumet).

1563 people were selected and were sent a letter explaining the aims and
characteristics of the study. After a few weeks, the study team called them
inviting them to participate in the study. In case of not being interested or not
answering after 3 phone calls (made at different parts of the day and on
different days), the candidate was replaced for the next on the list with

similar characteristics of age and sex.

1325 participants were invited to participate in the study. Of these, 812
agreed. For the purposes of addressing the hypothesis laid out in this thesis,

788 were included because they met all of the inclusion criteria (Figure 6).
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Subjects from 18-75 years old from town-halls population
registers from 3 villages of Tarragona province

v

1563 were randomly selected from the population
town halls' registers

S 238 not contacted due to
errors registers data, etc..

\4

[ 1325 were invited to participate ]

[ 391 refused —

90 excluded for not meeting
—
~ the inclusion criteria

32 did not turn up for the |

medical check-up
\ 4

[ 812 agreed to participate ]

5 | 24 excluded due to B-vitamin
supplement users

2
[ 788 had all the inclusion criteria ]

Figure 6. Participant flow chart from the population study.

The inclusion criteria were that participants had to be of Caucasian ethnicity
and come from a family established in Spain for a minimum of 3 generations
to ensure that there was an established transgenerational relationship

between environment and genetics. The exclusion criteria were the use of B-
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vitamin supplements, altered renal function, the use of drugs that affect
folate metabolism (containing active ingredients such as valproic acid or
methotrexate), being pregnant or having given birth in the last 6 months and
being in lactation period. There is no mandatory folic acid fortification in
Spain, so the Spanish population and the participants were not exposed to
this policy. The study was approved by the Hospital Universitari Sant Joan,
Reus and by the Jordi Gol Gorina Foundation ethics committees. All
participants provided their signed informed consent in accordance with the

Declaration of Helsinki.

1.2. Anthropometric data and lifestyle, clinical history and dietary intake

Anthropometric data and lifestyle

A medical check-up was carried out on all participants and the study team
collected data ranging from anthropometric measurements to lifestyle habits.
Data such as age, weight, height, skinfold thicknesses, waist perimeter and
blood pressure (by the study clinicians) was collected. Participants were also
asked about their smoking habit, alcohol intake and drug use. As there is no
mandatory folic acid fortification of flour in Spain all the participants were
unexposed to folic acid in the form of B-vitamin supplements and had a low

exposure from fortified foods.

Clinical history

Clinical history, diagnosed diseases and drug treatments were recorded for
each participant by the study doctors to describe the health status of all the
patients. All the diseases had been previously diagnosed and were classified

using a numeric code called “Cédigo Internacional de Enfermedades” (CIE-9)
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given by the “Ministerio de Salud del Gobierno de Espafia” (284). In order to
choose which diseases to include in the analysis, an extensive search was
carried out, considering the frequency of the diseases recorded. The most

frequent was hypertension.

Dietary intake

Participants completed a 3-day dietary record on non-consecutive days,
including 1 holiday. Subsequently they were interviewed by a dietitian and
shown photos of food portions to validate the quantities consumed. As part
of this interview, participants were questioned on use of B vitamin

supplements to ensure that they were not using them.

1.3. Blood samples collection and processing

A fasting blood sample was collected from all the participants from the
antecubital vein in EDTA-K; treated vacutainers and a non-anticoagulant
vacutainer to obtain plasma and serum. The tubes were kept at 42C before
being processed, always in less than 2 h from collection. The processing was
performed in the laboratories of the Faculty of Medicine and Health Sciences,

URV and the Centre of Biochemical Research, ISPV, both in Reus.

Whole blood, plasma, serum, washed red cells and leukocytes were obtained
from the blood samples. Plasma and serum were separated from their
respective vacutainers. Once the plasma was removed from the EDTA-K;
vacutainer, erythrocytes were washed with physiologic serum always on ice.
All the aliquots were stored at -809C in Biobanc ISPV (Reus, Spain) until their

posterior analysis.
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1.4. Biochemical and genetic determinations

Plasma aliquots were sent to the laboratories of Profs John M Scott and Anne
M Molloy in Trinity College Dublin (Ireland) for the determinations of plasma
folate, red blood cell folate and plasma cobalamin by microbiological assays.
Plasma folate and RBC folate were determined using Lactobacillus caseii and

plasma cobalamin with Lactobacillus leichannii.

Washed red cells were used for the determination of riboflavin status by
EGRAC assay and pyridoxine status by the erythrocyte aspartate
aminotransferase activation coefficient (EASTAC) assay. These assays were
done on the COBAS Mira autoanalyser (Roche, Basel, Switzerland) following

the Mount technique (126).

Plasma tHcy was determined by fluorescence polarization immunoassay on
an IMx autoanalyser (Abbott Laboratories, Abbott Park, IL, USA) in the central
hospital lab of University Hospital Sant Joan, Reus. DNA was extracted from
leukocytes using the DNA Puregene extraction kit (Gentra Systems,
Minneapolis, MN, USA). The methylenetetrahydrofolate reductase 677C>T
(MTHFR 677 C>T) polymorphism was determined using the previously
described technique (61) in the Centre of Biochemical Research laboratory,

University Hospital Sant Joan, Reus.

1.5. Data handling and statistical analysis

The statistical analysis was performed using SPSS version 23.0. The normality
of continuous variables was checked with the Kolmogorov-Smirnov test.
Descriptive data with a normal distribution were expressed as medians (P25,
P75). To compare means between groups, ANOVA test was used. The

variables that did not follow a normal distribution were natural log
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transformed in order to apply the parametric statistics tests. These ones are
reported as geometric mean (Cl 95%). Categorical variables were expressed
as % (Cl 95%) and compared between groups using the chi-square test.
Confidence intervals of categorical variables expressed in % were calculated
using the Confidence Interval Analysis program (CIA) (Southampton,
Southampton, UK). Hardy-Weinberg was used to check allele frequencies

distributions as previously described (54).

tHcy was classified in tertiles. tHcy tertiles for women were <7, 7.7-9.6 and
>9.6 umol/L, respectively. For men, tHcy tertiles ranges were <9.3, 9.3-11.1
and >11.1 pmol/L. Plasma folate deficiency was considered when
concentrations were <7 nmol/L (50). Plasma cobalamin deficiency was
considered when concentrations were <220 pmol/L (285). Multiple linear
regression was used to assess the associations between factors possibly
associated with tHcy and tHcy in all the population and then separately by
sex. Interaction between independent variables were assessed by including
their product in the model (eg. the interaction between MTHFR 677C>T
genotype and smoking was assessed by including the product MTHFR
genotype*smoking as an independent variable in the model). In the case of
interaction between independent variables they were not included in the
same multiple regression model. So in the case of interaction between
smoking and MTHFR 677C>T genotype the models were stratified by MTHFR
677 C>T genotype. Multiple logistic regression analysis was used to explore
the effect of the age and sex specific high tertile of tHcy (3" tertile compared
to 1°and 2™) on having diagnosed hypertension. Cut offs for the 3™ tertiles
were >9.09 umol/L in women <50 years, 210.60 pmol/L in women >50,
>10.88 umol/L in men <50 years, 211.59 umol/L in men >50. Models were

adjusted for low versus mid-high socioeconomic status, regular alcohol intake
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(moderate [<16 d/day in women and <24 g/day in men] versus none; high
versus none [216 g/day in women and 224 g/day in men], current smoking
(cigarettes/day) and total plasma cholesterol (mmol/L). Multiple logistic
regression analysis was also used to assess the probability of having
hypertension in case of having the variant allele of the MTHFR 677 C>T (CT or
TT). Age, sex, BMI, low versus mid-high socioeconomic status, regular alcohol
intake (moderate [<16 d/day in women and <24 g/day in men] versus none;
high versus none [>16 g/day in women and >24 g/day in men], current
smoking (cigarettes/day), plasma folate (nmol/L), plasma cobalamin (pmol/L),
EGRAC and total plasma cholesterol (mmol/L) were used as potential
confounders. Participants without diagnosed hypertension but office BP
measurements >140/90 mmHg were excluded from these analyses. In the
second MLRA participants with no office BP and BMI>30 kg/m” and 5
participants with plasma creatinine concentrations >97 mmol/L in women
and >124 mmol/L in men indicating possibly impaired renal function were

also excluded. Significance level was set at p <0.05.
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2. Reus-Tarragona Birth Cohort

2.1. Design and study population

The Reus-Tarragona Birth Cohort (RTBC) is an ongoing longitudinal cohort
study. The study is being carried out by the Area of Preventive Medicine and
Public Health of Universitat Rovira i Virgili and the Areas of Obstetrics and
Gynaecology of Hospital Universitari Sant Joan, Reus (HUSJR) and Hospital

Universitari Joan XXIII, Tarragona (HUJXXIII) in Tarragona province (Spain).

The RTBC study has two phases: the pregnancy phase and the follow-up
phase in the children at 7.5 years old. Both phases of the study were
conducted in agreement with the Declaration of Helsinki and approved by the
Ethics Commitees of both Hospitals. Moreover, all the participants had to sign
an informed consent to join the study and in case of the follow-up phase
children’s legal representative and verbal assent was obtained from the

children.

The purpose of the study was and still is to find biochemical and genetic
factors during pregnancy that can influence pregnancy outcomes, foetus
development and child growth at 7.5 years. The study was identified as

NCT01778205 in ClinicalTrials.gov.
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2.2. Pregnancy phase

The study began in 2005 and it is ongoing. By May 2018, 619 complete
pregnancies were followed. Pregnant women attending a prenatal visit
before or at 12 GW in both of the Hospitals mentioned before were eligible to
participate in the study and were informed and invited to participate by the

obstetricians of both hospitals.

Inclusion criteria were to have a viable singleton pregnancy confirmed.
Exclusion criteria were twin pregnancies, pregnancies of more than 12 GW at
the first prenatal visit, chronic diseases or surgical interventions affecting
nutritional status and use of any medication that affects folate or cobalamin
metabolism. Potential participants had to read and sign the informed consent

before entering the study.

Following the Spanish Obstetrics and Gynaecology Society recommendations,
pregnant women with low obstetrical risk were recommended to take every
day 400 pug of folic acid supplement until the end of the first trimester and 2
pg of cyanocobalamin also included in this supplement (286). Women with
complications in previous pregnancies such as neural tube defects (NTDs)
were recommended to take a 5 mg or higher daily dose of folic acid
supplement. 40 mg of iron supplements were also recommended to all
women starting at the end of the first trimester of pregnancy to prevent
anaemia. In the case of women with anemia they were treated according to

its severity and the clinicians’ criteria with 80 or 120 mg or iron per day.

The study design is shown in Figure 7. Participation in the study consisted of
providing 5 blood samples (4 from the mother and 1 from the umbilical cord),
completing 2 habit and lifestyle questionnaires and 2 food frequency

questionnaires (FFQ).
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Figure 7. Structure of the Reus-Tarragona Birth Cohort Study pregnancy phase.

The syringes represent the different blood samples that are collected from the
participants during the pregnancy. FFQ; and FFQ, are the food frequency
questionnaires and Q; and Q, are the habits and lifestyle questionnaires.

2.2.1. Clinical history, dietary intake and lifestyle data
Clinical history

Age, 1*" trimester weight, height and parity from the pregnant women were
obtained from the clinical history of the pregnancy check-ups from
obstetricians. BMI was calculated from this data. Blood pressure
measurements were controlled and recorded throughout pregnancy.
Gestational hypertension was defined as systolic blood pressure >140 mmHg
and/or a diastolic blood pressure >90 mmHg on two or more check-ups (6

hours apart) after the 20th GW.

Newborn sex, date of birth, birth weight, gestational age at labour and

previous adverse obstetrical outcomes were also recorded.

Blood analysis including routine haematology and biochemical results (eg.
glycaemia etc) were obtained from the same routine prenatal blood samples

collected as described above.
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Dietary intake

The participants completed two validated food frequency questionnaires to
estimate their dietary habits before and during pregnancy. The first
guestionnaire was carried out on the first visit at 12 GW and was targeted at
dietary habits in the year before the pregnancy. The second questionnaire
was carried out the day after giving birth and referred to dietary habits during

the pregnancy.

Both questionnaires consisted of 45 food items and questions regarding
appetite during the specified period of time, quantity of salt consumed, the
type of milk, yoghurt and bread consumed as well as water intake. In the case
of the second questionnaire, they were also asked about nausea and sickness
and how they took their iron supplements. The questionnaires are contained

in the Appendices section.

Lifestyle

Two questionnaires were completed regarding lifestyle and use of
supplements during the pregnancy. The first questionnaire was at 20 GW and
encompassed the preconception period until 20 GW. The second

questionnaire was at 32 GW and encompassed 20 GW until 32 GW.

The women were asked about the use of folic acid, iron and multivitamin
supplements during the pregnancy but also during the preconception period
(3 months before the pregnancy). Participants were shown photographs of
available supplements on the market to facilitate the identification of the
supplements used and to improve reliability of the information. Commercial
brand, time of initiation and duration of use were recorded. Based on this

information, vitamin content of the supplements was recorded.
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Information regarding breakfast habits, tobacco, alcohol consumption, toxic
substance use, physical activity, sunbathing, socioeconomic status and
planning of pregnancy was also recorded. In relation to tobacco, participants
were asked about the number of cigarettes consumed per day at the moment
of completion of the questionnaire and in the five previous years. They were
specifically asked whether they had stopped smoking before or during the
pregnancy. Frequency of alcohol consumption and toxic substances and time
since last use in case of cessation, were recorded. Smoking data collected by
guestionnaires was corroborated with plasma cotinine determination in the
mother at <12 GW, 24.27 GW and from the cord (see below). An example of

both questionnaires is in the Appendices section.

2.3. Follow-up phase in children at 7.5 years old

Mothers that participated in the pregnancy phase of the study were
contacted when their children were 7.5 years old. A letter was sent to the
parents or legal representatives explaining the aim of the study, the different
parts of it and inviting the children to participate. After two weeks, a phone
call was made to contact the parents and ask whether they had any doubts
regarding the study and give them extra information in case they needed it. A
summary of the study was explained and they were asked their interest in
participating. In case of agreement, two visits were established in Hospital
Universitari Sant Joan de Reus or Hospital Universitari Joan XXIII. In case of
not contacting the mother or the legal representative in the first phone call,
other phone calls were made at different times of the day to make sure that
the contact information was not wrong. There was a margin of 4 months after

the letter and the first phone call to schedule the visits in both Hospitals.
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521 pregnancies resulting in live births were recruited between 2005-2010.
104 were not eligible for inclusion in the child follow-up phase because

parents were uncontactable or had refused permission to be recontacted. By

May 2018, 417 children were eligible to participate. From these, 408 families

were successfully contacted and 9 were pending contact. Finally, 212 children

participated in the study and were followed-up and 196 refused to

participate. So the participation rate in the child phase was 52.0%.

[ 521 pregnancies resulting in live births between 2005-2010 ]

—> 104 not eligible
A 4
[ 417 eligible children (May 2018) ]
—> 9 pending contact
\ 4
[ 408 families contacted ]

116 not interested
S 17 fear of blood sample
62 incompatible schedule
1 child death

\ 4

212 children followed-up
(Study participation: 52.0 %)

Figure 8. Recruitment participant flow chart from the follow-up phase of the Reus-

Tarragona Birth Cohort Study.
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The first visit consisted of a point blood pressure measurement and
anthropometric measurements (weight, height, mid-upper arm, waist
circumference and other circumferences, tricipital, bicipital, subscapular and
suprailiac skinfold thickness), body composition (fat mass and fat free mass)
and a fasting blood sample. This visit was carried out in the morning to
facilitate collection of a fasting blood sample. The second visit consisted of
neuorological developmental tests (not described or considered in this thesis)
and three questionnaires completed by the parents or legal guardian. These
guestionnaires were about clinical history, food frequency questionnaire and
physical activity respectively. As in this second visit there was no need for
fasting, the hour scheduled for the visit was flexible and was arranged by the
parents depending on their availability and when it was more suitable for
them. It was carried out in the Faculty of Medicine of Universitat Rovira i

Virgili in case of Reus or in Hospital Universitari Joan XXIll in Tarragona.

After the second check up or at an agreed time, children were fitted with an
Ambulatory Blood Pressure Monitoring (ABPM) for 24h to record their 24 h

ambulatory BP.

2.3.1. Anthropometric measurements and body composition

In all of the visits there were always two members of the study, one trained
member of the team took the anthropometric measurements from the
children following the WHO guidelines (287) and the other noted all the
results on a data collection sheet prepared for the check-up. The same team
member took the measurements to all the children to reduce the possible
bias of the different team members. Children were asked to come in fasting

conditions to the visit due to the blood sample.
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Always in front of their parents or legal representative, children were asked
to remove the necessary clothing and shoes (even hair accessories if
necessary), down to their underwear, in order to accurately carry out all the
measurements. Everything done was explained first to the parents and the
child to make sure they had understood all the procedures before doing them

and let them know that none of them was painful.

Weight was measured with an electronic scale (Tanita BC-420MA, Tanita
Corporation, Tokyo, Japan). The precision of the apparatus was of 0.100g.
Children had to stand still on the scale with their feet on the two metallic

platforms.

Height was measured with a stadiometer. The precision of the apparatus was
0.1 cm. The procedure was to ask children to stand still with their head

straight, knees extended and feet together joining their heels.

Head, mid-upper arm, chest, waist, hip and thigh circumferences were
measured with a measuring tape (Seca GmBH & Co Kg, Hamburg, Germany).
The precision of the tape was 0.1 cm. All the circumferences were measured

twice.

The procedure for the head circumference measurement was to circle the
head with the measuring tape on the forehead. For the mid-upper arm
circumference the measurement was done in the mid-point between the tip
of the acromion and the olecranon process. Chest circumference was
measured at the nipple line. The waist circumference was measured with the
child with his feet together in the mid-point between the iliac crest top and
the last palpable rib. Hip circumference was measured at the widest area of

the buttocks. For the thigh circumference they were asked to stand with one
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foot in front of the other and they were measured the mid-point between the

waist and the knee.

Tricipital, bicipital, subscapular, suprailiac and thigh skinfold thicknesses were
measured with a Harpenden skinfold calliper (Holtain Ltd, Crymych, Wales)

with a precision of 0.2 mm. All these measurements were measured 3 times.

Children were explained that the study member had to pinch their skin in
some body zones and that this procedure was not painful in any moment. If
in any of the measurements the children felt pain they had to warn it to the

study member and then he will stop.

All the children behaved well and tolerated the measurements except a few
of them that it was difficult to complete the whole procedure and

measurements were made just once rather than in triplicate.

The procedure to measure the different skinfold thicknesses was first of all to
mark with eyeliner the exact zone for the measurement with the skinfold
calliper. For tricipital and bicipital skinfold thicknesses the measurements
were done at the mid-point between the tip of the acromion and the
olecranon, in the anterior and posterior arm respectively. For subscapular
skinfold thickness the measurement was done in the inferior angle of the
scapula. The suprailiac skinfold was measured on the iliac crest top. For the
thigh skinfold thickness children had to stand with one foot in front of the
other and they were measured the mid-point between the waist and the

knee.

Tetrapolar bioelectrical impedance analysis (Tanita BC-420MA, Tanita

Corporation, Tokyo, Japan) was used for calculating body composition. The
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measurement was done in duplicate at 50 kHz. Total fat mass, fat-free mass

and total impedance were recorded.

2.3.2. Office blood pressure measurements

BP was measured with BP monitor (Omron M6 AC, Omron Healthcare Co,

Kyoto, Japan). The precision of the apparatus was of 1 mmHg.

Children were asked to sit quietly for 5 minutes, sitting with their back
supported, feet on the floor and arms resting palm up in the arm rest of the
chair so the cubital fossa was at heart level. They could not speak during the
test and could not cross their legs. Then an adjustable cuff was placed on the
arm and the trained member reminded all the steps previously explained to
the participant to guarantee that the measurement was carried out
successfully. A total of 3 measurements were needed. The subsequent
measurements were performed after 1 minute. Room temperature was kept

comfortable (21-23 2C) (132).

2.3.3. Ambulatory Blood Pressure Monitoring (ABPM)

Children were asked to wear a 24-h blood pressure monitor known as ABPM
in order to record BP values during 24h and thus record BP during one day
and to differentiate day from night measurements. In case of acceptance, we
agreed a day with them to wear the device. They had to wear it 24h non-stop
(even when they were sleeping). Parents were given instructions about how
the monitor worked, what to expect during the measurement and how to fit

the monitor. A telephone number for contacting the study team was
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provided to the parents in case they had more questions or something went

wrong.

Like in the office BP measurement, children had to wear an appropriate cuff
depending on their arm circumference. Children with an arm circumference
from 12 to 20 cm wore a child cuff and those with 17-26 cm wore the small
adult cuff. Children were asked to continue with their daily life in order to
have reliable results and to keep their arm still during the cuff inflation. If the
ABPM was not able to record a measurement, the measurement was
repeated after 2 minutes automatically. After 24h a member of the study met
the participant’s parents to take off the monitor and to bring it back for
analysis. Then all the data was downloaded from the apparatus to the
computer and checked. Day-time and night-time periods were specified
according to their answer in the questionnaire about the sleeping hours. We
considered successful ABPM values if the recordings were valid in 250% of the
cases. If a child obtained less than a 50% of valid measurements during the
24h follow-up, he was asked to repeat the recordings and wear it again
another day. In case of refusing, all the ABPM measurements from that child

were considered non-valid and were excluded from the study.

2.3.4. Clinical history, dietary intake and physical activity

Clinical history

A member of the study team interviewed the parents regarding their child’s
clinical history from birth until 7.5 years. They were asked about
breastfeeding pattern (duration of exclusive breastfeeding and mixed
breastfeeding), chronic diseases and other illnesses (all classified using the

International Classification of Diseases-10 criteria). They were also asked
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whether the child suffered from allergies and about parental smoking habits

and socioeconomic status.

Dietary intake

A validated food frequency questionnaire of 105 items, supplement use and

nutrition habits was completed by the parents.

Physical activity

A physical activity questionnaire was also completed by the parents to record
information regarding leisure time activites, extracurricular physical activity,

mode of transport to school and length of the journey.

2.4. Blood samples collection and processing

In the pregnancy phase, fasting blood samples for the study were drawn at
the same time as the routine pregnancy samples at <12, 24-27 and 34 GW
according to the regional health authorities protocol (286). Non-fasting blood
samples were collected from the pregnant women on admission to the
hospital with confirmed labour and from the umbilical cord vein after the

birth but before expulsion of the placenta.

In the follow-up phase in children at 7.5 years, a specialised nurse collected
the blood sample from the children while they were lying on the clinical
examination bed. The nurse explained carefully to them all the procedure she

was going to carry out, trying to relax them and keep them from moving.

All blood samples were kept at 4 2C after collection. The processing was

started at the hospital with a portable centrifuge to make sure that plasma
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was separated in less than 30 minutes and serum in less than 1 hour to
minimize the possible variations in the 1C metabolism metabolites. Then the
rest of the processing was done in the Universitat Rovira i Virgili laboratory,
always on ice. Samples were transported at 42C from the hospital to the

laboratory.

The same blood sample collection procedure was performed in the pregnancy
and the child follow-up phase. In both phases, blood samples were collected
from the antecubital fossa vein into two different vacutainers, a 10 mL
dipotassium ethylenediaminetetraacetic acid (K,EDTA) vacutainer for plasma
and a 10 mL dry vacutainer for serum. Moreover in the last blood sample of
the pregnancy phase (umbilical cord vein) two vacutainers of each type were
used. Whole blood, plasma, serum, washed red cells and leukocytes were

obtained from the blood samples.

Whole blood was obtained from the EDTA vacutainer, 50 pyL was removed
before centrifuging and was diluted with 450 pL 10% ascorbic acid solution
prepared the same day of the processing. The solution was mixed very well
and the mix was kept for 30 minutes at room temperature. After that, the
solution was separated into two aliquots of 250 puL each and were frozen at -
80 2C. This procedure was performed for blood samples at 12, 24-27 and 34
GW in the pregnancy phase and the blood sample in the child follow-up

phase for the posterior red blood cell folate analysis.

Plasma was obtained from the EDTA vacutainer, centrifuged at 1500 g for 15
minutes at 4 2C, divided in four aliquots of 1 mL each and stored at -80 °C.

The same procedure was done for the serum tube.

Leukocytes were obtained from the EDTA tube. Once the plasma was

removed, PBS was added to the EDTA tube that contained red blood cells and
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the buffy coat and it was mixed very well by inversion. This was added to a
Falcon tube that contained 30 mL of haemolysis solution and left 20 minutes
at room temperature. Then the mix was centrifuged at 2000 g for 5 minutes
at room temperature and the supernatant was discarded. The pellet was
resuspended in 20 mL of haemolysis solution, centrifuged again at 2000 g for
5 minutes and the leukocytes were set free. 450 pL of PBS was added to the
sample and resuspended and to finish all the procedure, 10 mL of Cell Lysis
Solution (Qiagen GmbH, Hilden, Germany) were added to the Falcon. The
Falcon was kept in the dark at room temperature from between 1 month and
12 months (after 24 months the samples may not be stable so the maximum
of 12 month time frame was imposed). Later on, the leukocytes obtained

were used for DNA extraction.

DNA extraction was performed from maternal and cord leukocytes with the
Puregene Kit (Qiagen GmbH, Hilden, Germany). 3.33 mL of Protein
Precipitation Solution were added to the Falcon tube and vortexed at high
speed for 20 seconds until the sample was homogeneous. After that, the mix
was incubated on ice for 30 minutes and centrifuged at 2000 g for 15 minutes
at 4 2C. The supernatant was removed considering that the precipitated DNA
wasn’t discarded and 10 mL of 100% cold isopropanol were added. The
Falcon was carefully mixed until the DNA got visible, centrifuged at 2000 g for
5 minutes at 42C and the supernatant was removed again and dried for 30-40
minutes at room temperature on an absorbent paper. 1200 puL of DNA
Hydration Solution were added to the sample to rehydrate the DNA and was
left 3-4 days at room temperature in a shaker. Afterwards, the DNA
quantification was performed using a NanoDrop 1000 spectrophotometer at
a wave length of 260 nm. To perform the technique 2 uL of hydrated DNA

were needed.
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The time of processing and number of aliquots obtained in the collection
were recorded in a notebook in order to make a register of all the samples
and control how long it took from the processing of the samples until they

were frozen.

2.5. Biochemical and genetic determinations

BeVital A/S (Bergen, Norway) was the company that analysed the samples.
The samples analysed were collected 18 months ago maximum and were
organized in batches. For every sample, it was sent plasma aliquots of 0.5 mL

and 250 pL of whole blood diluted with ascorbic acid solution.

For the genetic determinations 120 ng of lyophilised DNA were sent. The
same SNPs were determined in both phases. In case of had genotyped the
cord blood sample, that child sample was not sent because we already had

the SNP determined.

Plasma folate and cobalamin, red blood cell folate, tHcy, methylmalonic acid
and cotinine were determined by chromatography-tandem mass

spectrometry (288), as previously explained (88).

2.6. Data handling and statistical analysis

The statistical analysis was performed using SPSS version 23.0. The normality
of continuous variables was checked with the Kolmogorov-Smirnov test.
Descriptive data with a normal distribution were expressed as means (95%
Cl). To compare means between groups, ANOVA test was used. Variables that
did not follow a normal distribution were natural log transformed in order to

apply the parametric statistics tests and were expressed as the geometric
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mean (95% Cl). Plasma folate, RBC folate, plasma cobalamin,
holotranscobalamin (holoTC), methylmalonic acid (MMA), EGRAC and tHcy
were not normally distributed. Categorical variables were expressed as %
(95% CI) and were compared between groups with chi-square test.
Confidence intervals of categorical variables expressed in % were calculated
using the CIA program (Southampton, Southampton, UK). Hardy-Weinberg
was used to check allele frequencies distributions as previously described

(54).

Anthropometric and bioelectrical impedance variables were calculated as
mean (95% Cl). BMI was calculated as weight (kg) divided by height squared
(m?). According to the WHO references BMI (kg/m?) was transformed to age-
and sex-specific z-scores to take into account age and sex differences in
growth (289). The Lambda-Mu-Sigma (LMS) method gives z-scores to
consider the asymmetry of the distributions with three parameters: the
median (M), the coefficient of variation (S) and the skewness of the
G 1

LxS

distribution (L). Z-score was calculated as: Z =

Overweight and obesity were defined according to the International Obesity
Task Force criteria (290). We used these cut-offs because values are based on
internationally based percentiles passing through BMI 25 and 30 kg/ m”at age
18 and are linked to mortality rates. Depending on the method used (office
BP or ABPM) different hypertension diagnosis criteria was used. For office BP,
hypertension in children and adolescents is defined when SBP and/or DBP
>95th percentile on more than 3 occasions. BP higher than 90th percentile
but lower than 95th percentile is considered prehypertension (209). ABPM
diagnosed criteria is found in Table 6 of the Introduction section. For linear

regression analysis and multiple logistic regression analysis we joined the
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cases of prehypertension and hypertension into the same variable in order to

have sufficient sample size for the analyses.

In the ABPM method, we considered an ABPM registry valid when included at
least 50% of the child SBP and DBP successful recordings during 24h. We
established this criteria when we saw that it was difficult to measure BP in
young children with ABPM because of the number of erroneous readings.
However, we can see in the literature that in children experts consider ABPM
recordings of adequate quality when there is minimum 1 reading per hour,
40-50 during 24h or 65-75% successful recordings (179). As mentioned
before, in adults the official criteria for ABPM readings requires 70% of SBP

and DBP successful recordings during 24h (163).

Differences in child characteristics between girls and boys were determined
using ANOVA for continuous variables and chi-squared analysis for categorical
variables. Multivariate linear regression analysis was used to assess factors
associated with fasting plasma total homocysteine in all participants and
separately by sex. Maternal and offspring demographic, lifestyle and genetic
factors were used as independent variables and SBP and DBP from office BP
and ABPM as dependent variables. Dependent variables were natural log
transformed before analysis. Independent variables were child characteristics
as including sex, BMI z-score, MTHFR 677 CT, MTHFR 677 TT, plasma folate
and maternal variables like MTHFR 677 CT, MTHFR 677 CT, smoking, BMI,
plasma folate and EGRAC. To evaluate the risk of maternal or offspring
MTHFR 677 C>T polymorphism with prehypertension or hypertension
multiple logistic regression analysis was used. Model 1 looked at the
association of offspring MTHFR 677 C>T polymorphism and hypertension
adjusting for the variables sex, child overweight and obesity, child plasma

folate, MTHFR CT versus CC and MTHFR TT versus CC genotypes. Model 2
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included the same variables as model 1 and was adjusted for potential
confounders associated with the mother including gestational hypertension,
smoking, plasma folate, plasma cobalamin and EGRAC. One person was
excluded from the analysis due to not matching maternal and offspring
genotype. ANOVA repeated measures were used to test the associations
between the different 1C metabolism (plasma folate, RBC folate, plasma

cobalamin, tHcy and EGRAC) nutrients during pregnancy.
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Results

1. Population study

The results from the population study have been submitted for publication as

part of an original article, currently undergoing the peer-review process.

Table 7 shows the baseline characteristics of the studied population,
stratified by tHcy tertiles. Women in the 3™ tHcy tertile (>9.6 pmol/L) were
older, had higher plasma creatinine concentrations and more of them were
hypertensive compared to the other tertiles. Moreover more women in the
3" tertile had cobalamin deficiency. Men in the 3" tHcy tertile (>11.1 umol/L)
were older and more of them had low socioeconomic status compared to the
other tertiles. Both women and men in the 3™ tertile had lower plasma folate,
red cell folate and plasma cobalamin concentrations, and more of them had
suboptimal riboflavin status (based on EGRAC category) and folate deficiency
compared to the other tertiles. The prevalence of hypertension was 27.2% in
the highest tertile of tHcy in women and 14.4% in that of men. The allele

frequencies for the MTHFR 677 C>T were in Hardy Weinberg equilibrium.
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Table 7. Baseline characteristics of the study population according to sex specific fasting plasma total homocysteine (tHcy) tertiles (umol/L).

Women Men
1 2 3 1 2 3
(<7.7) (7.7-9.6) (>9.6) (<9.3) (9.3-11.1) (>11.1)
Age (years)* 39.0(29.0,48.5)  42.0(29.0, 53.0) 45.0 (30.0,64.0)°  38.0(26.0,50.0) 43.5(31.0,53.0) [118] 44.0(31.8,59.8)" [118]
[125] [125] [125] [117]
BMI (kg/m?)* 25.8(24.9,26.8)  26.7(25.7,27.6) 27.6(26.4, 28.8) 27.2(26.4,28.1)  27.7(26.9,28.4) [116]  27.2(26.5,28.0) [117]
[125] [123] [120] [116]
Overweight’ 32.8(25.2,41.4)  35.0(27.1,43.7) 23.3 (16.7, 31.7) 41.4(32.8,50.5)  45.7(36.9,54.7) [53]  41.0(32.5,50.1) [48]
[41] [45] [28] [48]
Obesity’ 18.4 (12.6,26.1)  21.1(14.9,29.2) 31.7 (24.0, 40.4) 24.1(17.3,32.7)  28.4(21.0,37.2)[33]  25.6(18.6,34.2) [30]
[23] [26] [38] [28]
Smokers> 31.2(23.7,39.8)  28.2(21.1,36.7) 33.9(26.1, 42.6) 43.6(34.9,52.6)  34.7(26.8,43.7)[41]  38.1(29.9, 47.1) [45]
[39] [35] [42] [51]
'?(')::::ptionz,g [125] [125] [124] [117] [118] [118]
None to low 89.6(83.0,93.8)  96.8(92.1,98.7) 93.5 (87.8, 96.7) 53.0 (44.0,61.8)  62.7(53.7,70.9) [74]  50.8 (41.9, 59.7) [60]
[112] [121] [116] [62]
Low to 8.8 (5.0, 15.1) 2.4(0.8, 6.8) [3] 4.0(1.7,9.1) [5] 27.4(20.1,36.1)  28.8(21.4,37.6) [34]  29.7(22.2,38.4) [35]
moderate [32]
High 1.6 (0.4, 5.6) [2] 0.8 (0.1, 4.4) [1] 2.4 (0.8, 6.9) [3] 19.7 (13.5, 27.8) 8.5 (4.7, 14.9) [10] 19.5 (13.4, 27.6) [23]
[23]
Diagnosed 8.8(5.0,15.1)  8.0(4.4,14.1)[10]  27.2(20.2,35.6) 8.5 (4.7, 15.0) 12.7 (7.9, 19.9) [15] 14.4 (9.2, 21.9) [17]
hypertension2 [11] [34]
Low 42.4(34.1,51.2)  48.8(40.2,57.5) 51.2 (42.5, 59.8) 15.4 (10.0,23.0)  25.4(18.4,34.0) [30]  34.7(26.8,43.7)" [41]
socioeconomic [53] [61] [64] [18]
status’
Plasma folate 143 (13.1,15.6)  11.5(10.4,12.7) 11.0(9.9,12.2)" 12.6(11.6,13.6) 11.3(10.3,12.4)[118] 9.1(8.2,10.1)" [118]
(nmol/L)* [125] [125] [125] [117]
Plasma folazte 7.2(3.8,13.1) 19.2 (13.3, 27.0) 24.8(18.1,33.0) 9.4 (5.3, 16.1) 18.6 (12.6, 26.2) 30.5(22.9,39.3)
<7 nmol/L
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Red cell folate

899 (846, 954)

781 (734, 830) [125]

738 (680, 802)

952 (302, 1004)

852 (795, 913) [118]

724 (675, 776) " [118]

(nmol/L)* [125] [125] [117]

Plasma cobalamin  377(355,401) 352(331,375)[125] 316 (292, 343) 385 (363, 408) 343 (321,367) [118]  321(303,341)" [118]

(pmol/L)* [124] [125] [117]

Plasma cobalamin 6.5(3.3,12.2) 8.0 (4.4, 14.1) 16.8 (11.3, 24.3)" 3.4(1.3,8.5) 8.5 (4.7, 14.9) 11.0 (6.6, 17.9)

<220 mol/L?

Riboflavin 45.5(37.0,54.3)  33.6(25.9,42.3) 30.6 (23.1, 39.3) 41.4(32.8,50.5)  25.6(18.6,34.2) [30]  29.8(22.2, 38.8) [34]

deficiency®” [56] [42] [37] [48]

Suboptimal 54.5(45.7,63.0)  66.4(57.7,74.1) 69.4 (60.7, 76.9)" 58.6(49.5,67.2)  74.4(65.8,81.4)[87]  70.2(61.2,77.8) [80]

riboflavin status®® [67] [83] [68]

EASTAC® 167(1.63,1.71)  164(1.61,1.68)  1.68(164,1.71)  1.60(1.56,1.64)  1.65(1.61,1.69)  1.62(1.58,1.66)[113]
[123] [124] [120] [116] [116]

tHey (umol/L)* 6.5 (6.4, 6.7) 8.6(8.58.7)[125]  11.8(11.4,12.2)°  7.9(7.7,8.1)[117] 10.1(10.0,10.2) [118] 13.7(13.2,14.3)
[125] [125] [118]

Plasma creatinine  63.7 (62.3,65.3)  64.0 (62.5, 65.5) 67.0(65.3,68.7)  80.6(78.5,82.7) 81.0(79.1,83.0)[118]  82.5(80.0, 85.0) [118]

(umol/L)* [123] [125] [124] [116]

Plasma cholesterol 5.0 (4.9.5.2) 5.2(5.0,5.4)[125]  5.2(5.0,5.4) [123]  5.2(5.0,5.4) [117]  5.2(5.0,5.4) [117] 5.3(5.1,5.5) [118]

total (mmol/L)* [125]

MTHER CC* 40.0 (31.8,48.8)  30.4(23.0,38.9) 36.0 (28.1, 44.7) 453 (36.6,54.3)  36.8(28.6,45.8) [43]  25.4(18.4, 34.0) [30]
[50] [38] [45] [53]

MTHFR CT* 51.2(42.5,59.8)  50.4 (41.8,59.0) 39.2 (31.1, 48.0) 47.0(38.2,56.0)  50.4(41.5,59.3)[59]  41.5(33.0,50.5) [49]
[64] [63] [49] [55]

MTHFR TT* 8.8 (5.0, 15.1) 19.2 (13.3, 27.0) 24.8(18.1,33.007  7.7(4.1,14.0)[9]  12.8(7.9,20.1)[15]  33.1(25.2,42.0) [39]
[11] [24] [31]

Abbreviations: BMI, Body Mass Index; EGRAC, Erythrocyte Glutathione Reductase Activation; MTHFR, Methylene Tetrahydrofolate Reductase 677C>T

polymorphism.

24 participants were excluded after the medical checkup due to declared B vitamin supplement use. A further 59 participants were excluded from all analyses
involving tHcy because their blood samples were not processed within 2 h of collection and 5 participants because they had suspected altered renal function
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(plasma creatinine >97 mmol/L for women and >124 mmol/L for men).

'median (P25, P75),2% (95% Cl), 3category of habitual alcohol intake (none to low [0 to <10 g/d], low to moderate [10-20 g/d in women and 10-40 g/d in men],
high [>30 g/d in women and 240 g/d in men); 4geometric mean (95% CI),SEGRAC >1.4; *®EGRAC 21.2 - <1.4.

Chi-square test comparing categorical variables and ANOVA comparing continuous variables between tHcy tertiles, MP<O.001, “P<0.01, *P<0.05.
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Table 8 shows the associations between nonmodifiable and lifestyle factors
with tHcy by multiple linear regression analysis in the overall population and
separated by sex. Ranking by size of standardised [ coefficients, MTHFR TT vs
CC genotype followed by age, sex, plasma cobalamin and plasma folate were
the strongest predictors of tHcy in all the participants. MTHFR TT vs CC
genotype, age and sex were positively associated with tHcy but plasma
cobalamin and folate were negatively associated. In women the overall
influence of modifiable predictors of tHcy was more important than that of
nonmodifiable predictors. The most important predictor in women was age
and plasma cobalamin the most inversely associated with tHcy. Smoking,
plasma creatinine and plasma folate were also important factors. In men, the
R®> of all the models were similar meaning that they explained similar
proportions of variability in tHcy. The most important determinant of tHcy
was the MTHFR 677TT genotype followed by plasma folate, age and plasma
cobalamin. Plasma folate and plasma cobalamin were negatively associated

with tHcy.

Age interacted significantly with the MTHFR 677 C>T genotype in men but not
in women. In this case as there is a significant interaction between them they
cannot be included together in the same model so we proceed with

subsequent analyses, stratifying by genotype.
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Table 8. Multiple linear regression analysis of factors associated with fasting plasma total homocysteine in all participants and separately

by sex.

Model adjusted R*!  Independent variables Standardized B p value

All participants 0.184" Age group’ 0.206 0.000

(N =687)

Model 1 (Non modifiable factors)4 Sex 0.305 0.000
MTHFR TT vs CC genotype 0.358 0.000
MTHFR CT vs CC genotype 0.095 0.025
Interaction MTHFR genotype*age group 0.056

Model 2 (model 1 + modifiable 0.194""" Age group® 0.196 0.001

lifestyle factors)™’
Sex 0.237 0.000
MTHFR TT vs CC genotype 0.348 0.000
MTHFR CT vs CC genotype 0.084 0.048
Interaction MTHFR genotype*age group 0.071
Cigarettes per day 0.079 0.030
Plasma creatinine (umol/l) 0.097 0.033

Model 3 (Model 2 + 1CM nutrient 0.259 Age group’ 0.266 0.000

status)™®
Sex 0.198 0.000
MTHFR TT vs CC genotype 0.325 0.000
MTHFR CT vs CC genotype 0.069 0.089
Interaction MTHFR genotype*age group 0.030
Cigarettes per day 0.053 0.138
Plasma creatinine (umol/I) 0.111 0.011
Plasma cobalamin (pmol/L) -0.198 0.000
Plasma folate (nmol/L) -0.173 0.000
EGRAC -0.051 0.143
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F3

Women (N= 349) 0.090 Age group 0.263 0.001
Model 1 (Non modifiable factors)4 MTHFR TT vs CC genotype 0.308 0.000
MTHFR CT vs CC genotype 0.095 0.134
Interaction MTHFR genotype*age group 0.314
Model 2 (model 1 + modifiable 0.137 Age group 0.281 0.001
lifestyle factors)“’5
MTHFR TT vs CC genotype 0.287 0.000
MTHFR CT vs CC genotype 0.089 0.156
Interaction MTHFR genotype *age group 0.341
Cigarettes per day 0.165 0.002
Plasma creatinine (umol/I) 0.133 0.008
Model 3 (Model 2 + 1CM nutrient 0211 Age group 0.371 0.000
status)"’s‘6
MTHFR TT vs CC genotype 0.271 0.000
MTHFR CT vs CC genotype 0.068 0.258
Interaction MTHFR genotype *age group 0.162
Cigarettes per day 0.117 0.025
Plasma creatinine (umol/I) 0.161 0.001
Plasma cobalamin (pmol/L) -0.251 0.003
Plasma folate (nmol/L) -0.161 0.000
EGRAC -0.086 0.094
Men (N=337) 0.128"" Age group 0.161 0.040
Model 1 (Non modifiable factors)4 MTHFR TT vs CC genotype 0.453 0.000
MTHEFR CT vs CC genotype 0.106 0.085
Interaction MTHFR genotype*age group 0.089
Model 2 (model 1 + modifiable 0.128"" Age group 0.136 0.106
lifestyle factors)™”
MTHFR TT vs CC genotype 0.454 0.000
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MTHFR CT vs CC genotype 0.100 0.109
Interaction MTHFR genotype*age group 0.066
Cigarettes per day 0.015 0.784
Plasma creatinine (umol/I) 0.013 0.810

Model 3 (Model 2 + 1CM nutrient 0.129"" Age group 0.217 0.011

status)"’s’6
MTHFR TT vs CC genotype 0.422 0.000
MTHFR CT vs CC genotype 0.091 0.080
Interaction MTHFR genotype*age group 0.025
Cigarettes per day -0.009 0.868
Plasma creatinine (umol/I) 0.008 0.870
Plasma cobalamin (pmol/L) -0.175 0.001
Plasma folate (nmol/L) -0.227 0.000
EGRAC -0.002 0.974

1CM, 1C metabolism; EGRAC, Erythrocyte Glutathione Reductase Activation assay; MTHFR, Methylenetetrahydrofolate Reductase,
SLC19A1, Solute Carrier family 19A member. 1Corresponding with each model; *From the complete models; ’< 50 Yy, >50vy; 4adjusted for
SLC19A1 80GA versus GG and SLC19A1 80AA versus GG genotypes; 5adjusted for the same variables as Model 1 plus low versus mid-high
socioeconomic status, BMI, moderate (<16 g/d in women, <24 g/d in men) versus no alcohol consumption, high (216 g/d in women, >24
g/d in men) versus no alcohol consumption, number of cigarettes smoked/ d and plasma creatinine; 6adjusted for the same variables as
Model 3. Missing data is due to some incomplete lifestyle questionnaires or insufficient blood sample for all of the determinations. Only
data relating to blood samples processed in <2 h of collection were included in the models. ""P<0.001
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Results

Table 9 shows the relationship between factors associated with tHcy attested
by multiple linear regression analysis according to MTHFR 677 C>T genotype.
In the MTHFR 677 CC group the most important factor was sex, age group
and plasma folate. In the CT group the strongest associations were plasma
cobalamin, sex, plasma folate and number of cigarettes/day. Plasma
cobalamin and folate were inversely associated with tHcy. In the MTHFR 677

TT group only plasma cobalamin and folate were associated with tHcy.
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Results

Table 9. Multiple linear regression analysis of factors associated with fasting plasma total homocysteine in all participants and separately
according to MTHFR 677C>T genotype.

Model adjusted R** Independent variables Standardized B* p value
MTHFR 677CC genotype (N= 241) 0.117 Sex 0.298 0.000
Model 1 (Non modifiable factors)4 Age group3 0.200 0.001
Model 2 (model 1 + modifiable lifestyle 0.100 Sex 0.290 0.002
factors)*’
Age group’ 0.162 0.033
Cigarettes/ day 0.007 0.920
Model 3 (Model 2 + 1CM nutrient status)*>® 0.140"" Sex 0.268 0.004
Age group’ 0.227 0.004
Cigarettes/ day -0.002 0.974
Plasma cobalamin (pmol/L) -0.064 0.301
Plasma folate (nmol/L) -0.217 0.001
EGRAC -0.069 0.279
MTHFR 677CT genotype (N= 322) 0.126 Sex 0.327 0.000
Model 1 (Non modifiable factors)* Age group’ 0.174 0.001
Model 2 (model 1 + modifiable lifestyle 0.167 Sex 0.181 0.017
factors)*’
Age group’ 0.125 0.048
Cigarettes/ day 0.151 0.006
Model 3 (Model 2 + 1CM nutrient status)“"t”6 0.239 Sex 0.157 0.032
Age group’ 0.055 0.322
Cigarettes/ day 0.151 0.006
Plasma cobalamin (pmol/L) -0.235 0.000
Plasma folate (nmol/L) -0.156 0.005
EGRAC -0.073 0.160
MTHEFR 677TT genotype (N= 122) 0.087" Sex 0.340 0.000
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Model 1 (Non modifiable factors)* Age group’ -0.028 0.752

Model 2 (model 1 + modifiable lifestyle 0.083" Sex 0.246 0.043

factors)*’
Age group’ 0.067 0.532
Cigarettes/ day 0.088 0.344

Model 3 (Model 2 + 1CM nutrient status)**® 0.266 Sex 0.146 0.187
Age group’ 0.104 0.292
Cigarettes/ day 0.088 0.344
Plasma cobalamin (pmol/L) -0.417 0.000
Plasma folate (nmol/L) -0.191 0.032
EGRAC -0.008 0.924

Abbreviations: 1CM, 1C metabolism; EGRAC, Erythrocyte Glutathione Reductase Activation assay; MTHFR, Methylenetetrahydrofolate Reductase,

SLC19A1, Solute Carrier family 19A member.

1Corresponding with each model; ’From the complete models; %< 50 y, >50y; 4adjusted for SLC19A1 80GA versus GG and SLC19A1 80AA versus GG
genotypes; 5adjusted for the same variables as Model 1 plus low versus mid-high socioeconomic status, BMI, moderate (<16 g/d in women, <24 g/d in
men) versus no alcohol consumption, high (216 g/d in women, 224 g/d in men) versus no alcohol consumption, number of cigarettes smoked/ d and
plasma creatinine; 6adjusted for the same variables as Model 3. Missing data is due to some incomplete lifestyle questionnaires or insufficient blood
sample for all of the determinations. Only data relating to blood samples processed in <2 h of collection were included in the models. ***P<0.001, **P<0.0l,

"P<0.05.
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Results

Table 10 shows probability of having diagnosed hypertension when tHcy is in
the 3" tertile compared to the 1°. Age and BMI were significant predictors of
hypertension in all models. We can observe that even after adjustment for
multiple confounding factors, being in the 3" tertile of tHcy compared to the
1%, increases the risk of having hypertension by 1.8 times in the overall
population studied. Stratifying by age, an association between moderately
elevated tHcy and hypertension [OR= 2.5 (1.2, 5.4)] was only observed in the

people in the >50 years age group.

Table 10. Association between moderately elevated fasting plasma total
homocysteine and diagnosed hypertension.

All Aged Aged
participants <50 >50
years years
Model R>! R’ R’
1 0.024° 1.9 0.006 1.5 0.079" 2.8
[583] (1.2,3.002  [418] (0.6, 3.5) [165]  (1.5,5.5)
2 0.202°" 1.9 0.083" 1.5 0.108" 2.5
(1.2, 3.0) (0.6, 3.7) (1.3, 4.9)
3 0.492"" 1.8 0372 1.2 03517 2.5
(1.0, 3.3) (0.4, 3.5) (1.2, 5.4)

Multiple logistic regression analysis was used. 1Nagelkerke R% °OR (95% Cl) for diagnosed
hypertension in participants in the 3 versus the 1%and 2" age and sex specific tHcy tertiles are
shown. Cut offs for the 3™ tertiles were 29.09 umol/L in women <50 years, 210.60 umol/L in
women >50, 210.88 pumol/L in men <50 years, 211.59 umol/L in men >50. Participants without
diagnosed hypertension but with point blood pressure measurements >140/90 mm Hg, at the
study check-up, were referred for blood pressure monitoring and excluded from the analysis (N=
77). A further 41 participants without diagnosed hypertension but with no point blood pressure
measurement and BMI >30 as well as 5 participants with possible impaired renal function
(plasma creatinine concentration >124 mmol/L in men and >97 mmol/L in women) were also
excluded. Only tHcy determinations performed in samples processed in less than 2 hours of
collection were included. Model 1: (basic model) having tHcy in the 3"tertile compared to thcy in
the 1" and 2™ tertiles. Model 2: Included the same variables as model 1 as well as low versus
mid-high socioeconomic status. Model 3: Included the same variables as model 2 as well as BMI,
category of regular alcohol intake (moderate [<16 g/d in women and <24 g/d in men] versus
none; high versus none [>16 g/d in women and >24 g/d in men]), current smoking (cigarettes/ d)
and total plasma cholesterol (mmol/L). ***P<0.001, **P<0.01, *P<0.05.
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Results

The associations between the MTHFR 677 C>T polymorphism and diagnosed
hypertension is shown in Table 11. We found no significant association
between any variant of the MTHFR 677 C>T polymorphism and diagnosed
hypertension in the overall population. Having the TT genotype increases the
risk of having hypertension compared to the other genotypes in all models of
people aged < 50 years [OR= 8.2 (1.3, 53.9)]. No significant association was
found between MTHFR 677 C>T polymorphism and diagnosed hypertension

in people aged >50 years.
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Table 11. Association between the MTHFR 677 C>T polymorphism and diagnosed hypertension.

All Aged <50 Aged >50
participants years years
Model  R*! CT vs CC* TT vs CC* R’ CT vs CC TT vs CC R’ CT vs CC TT vs CC
1 0.003 1.2 1.4 0.037 3.3 4.1 0.002 1.1 1.3
[573] (0.7,1.9)3 (0.7, 2.6) [410] (0.9, 11.7) [163] (0.6,2.2) (0.5,3.1)
1.0, 16.9)
2 0433 1.5 1.5 0.160"" 3.2 4.0 0.059 1.1 1.2 (0.5, 3.0)
(0.8, 2.8) (0.7, 3.4) (0.9, 11.6) (0.9, 17.0) (0.5,2.1)
3 0585 1.2 1.7 0.472"" 3.8 8.2 0.348"" 1.0 1.2
(0.6, 2.6) (0.7, 4.4) (0.7,20.3) (1.3,53.9) (0.4,2.2) (0.4,3.7)

1Nagelkerke R from multiple logistic regression analysis; 2Methylenetetrahdyrofolate reductase (MTHFR 677C>T) genotype.

*0R (95% Cl) for diagnosed hypertension in participants with the CT vs CC genotype and TT vs CC genotype, globally and according age group. Participants
that did not have diagnosed hypertension but point blood pressure measurements greater than 140/90, at the study check-up, were referred for blood
pressure monitoring and excluded from the analysis (N= 77). A further 41 participants with no point blood pressure measurement and BMI > 30 and 5
participants with plasma creatinine concentration >124 mmol/L in men and >97 mmol/L in women (indicating possible impaired renal function) were also
excluded. Model 1: (basic model) including the predictor variables MTHFR 677 CT versus CC and MTHFR 677 TT versus CC genotypes. Model 2: Included
the same variables as model 1 as well as sex, age and BMI. Model 3: Included the same variables as model 2 as well as plasma folate, plasma cobalamin,
erythrocyte glutathionine reductase activation coefficient (functional indicator of riboflavin status) low versus mid-high socioeconomic status, category of
regular alcohol intake (moderate [<16 g/d in women and <24 g/d in men] versus none; high [>16 g/d in women and >24 g/d in men]) versus none, current
smoking (cigarettes/d) and serum total cholesterol. " p<0.001.
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Results

2. Reus-Tarragona Birth Cohort

Descriptive baseline characteristics during pregnancy of the women whose
children participated in the child follow-up phase are summarised in Table 12.
Their mean age was 32.3 (95% Cl: 31.8, 32.8) years, mean weight was 63.3
(95% Cl: 61.7, 64.9) kg, mean height was 163.0 (95% Cl: 162.2, 163.8) cm and
mean first trimester BMI was 23.8 (95% Cl: 23.2, 24.3) kg/m?® Of these
women, 19.2% (95% Cl: 14.5, 25.1) were overweight and 5.3% (95% Cl: (3.0,
9.2)) were obese. Gestational hypertension occurred in 4.3% (Cl: (2.3, 8.0) of
the pregnancies. In the first trimester of pregnancy 39 of the women smoked.
Of these, 2 (0.9% of the women participating in this phase of the study)
smoked only during the first trimester, then stopped smoking and 37 (17.5%)
continued smoking throughout pregnancy. Regarding alcohol intake, 19.3% of
the women reported drinking some kind of alcoholic beverages throughout
pregnancy. This included all types and patterns of alcohol intake. Mainly low
or sporadic intake of small amounts of alcohol during pregnancy, were

reported. Low socioeconomic status was observed in 3.8% of the women.

That the pregnancies were planned was reported by 79.9% of the women.
Distributions of the CC, CT and TT genotypes of the MTHFR 677C>T
polymorphism were 37.6%, 41.9% and 20.5% respectively. Folic acid
supplement use was very high during the first trimester of pregnancy (85.0%).
Anemia (hemoglobin < 11.0 dg/L) was present in 2.9% of women during the

first trimester.
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Table 12. Baseline descriptive characteristics of mothers during pregnancy.

Age, years '
Weight, kg *
Height, cm !
BMI, kg/m**
Underweight, % >
Normal weight, % 2
Overweight, %
Obese, % 2
Gestational hypertension, % >
Smoking, %
1% trimester only >
All pregnancy >
Alcohol consumption, % 2
Socioeconomic status, % >
Low
Mid
High
Planned pregnancies, % >
Previous pregnancies, % 2
Previous abortion, % °
Previous preterm, % >
MTHFR, %*
cc
CcT
T
1*  trimester folic acid
supplements, % 2
1° trimester anemia, % >

containing

32.3(31.8,32.8) [212]
63.3 (61.7, 64.9) [209]
163.0 (162.2, 163.8) [210]
23.8(23.2, 24.3) [209]
2.9(1.3,6.1) [6]
72.6 (66.2, 78.2) [151]
19.2 (14.5, 25.1) [40]
5.3(3.0,9.2) [11]

4.3 (2.3, 8.0) (9]

0.9 (0.3, 3.4) [2]
17.5(12.9, 23.1) [37]
19.3 (14.4, 25.4) [38]

3.8(1.9,7.3) 8]
45.8 (39.2, 52.5) [97]
50.5 (43.8,57.1) [107]
79.9 (73.8, 84.9) [159]
50.5 (43.8,57.1) [107]
34.6 (28.5, 41.2) [73]

4.7 (2.6, 8.5) [10]

37.6(31.3, 44.3) [79]
41.9 (35.4, 48.7) [88]
20.5 (15.6, 26.4) [43]
85.0 (79.4, 84.3) [170]

2.9(1.1,7.3) [4]

Abbreviations: BMI, Body Mass Index;

Reductase.

'arithmetic mean (95% Cl), % (95% ClI).

MTHFR=

Methylene Tetrahydrofolate
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Results

Maternal 1CM nutritional status (plasma folate, RBC folate, plasma
cobalamin, tHcy and EGRAC) during pregnancy according to MTHFR 677 C>T
polymorphism is shown in Figure 9. Plasma folate and plasma cobalamin
decreased during pregnancy independently of the MTHFR 677 C>T
polymorphism. Significant differences were observed in RBC folate between
the genotypes but it increased in all genotypes until 24-27 GW, and then
decreased. Lower RBC folate was found in pregnant women with the TT
compared to CC genotype throughout pregnancy. The pattern of change in
MMA and tHcy throughout pregnancy was the opposite to RBC folate, as it
decreased until 24-27 GW and then increased. In labour tHcy was at its
highest. EGRAC increased during pregnancy in all but the CT genotype. For
logistical reasons, samples collected in the labour ward were not prepared for

RBC folate or EGRAC determinations.
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Figure 9. Maternal 1C metabolism (plasma folate, RBC folate, plasma cobalamin, tHcy and EGRAC) nutritional status during pregnancy
depending on their MTHFR 677 C>T polymorphism.

Abbreviations: RBC folate= Red Blood Cell folate; tHcy= fasting total plasma homocysteine.

ANOVA repeated measures was used to compare changes in plasma concentrations between time points and between genotypes.
**p<0.01, TT compared to CC.
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For plasma folate, plasma cobalamin and tHcy at 12GW of pregnancy there were 79, 86 and 43 participants with the MTHFR 677 CC, CT and
TT respectively. At 24-27 GW there were 72, 83 and 39 participants with the MTHFR 677 CC, CT and TT respectively, 69, 80 and 39 at 34 GW
and 67, 77 and 34 at labour respectively.

For RBC folate at 12GW of pregnancy there were 77, 86 and 43 participants with the MTHFR 677 CC, CT and TT respectively. At 24-27 GW
there were 72, 83 and 39 participants with the MTHFR 677 CC, CT and TT respectively and 67, 80 and 39 at 34 GW respectively.

For EGRAC at 12GW of pregnancy there were 68, 72 and 36 participants with the MTHFR 677 CC, CT and TT respectively. At 24-27 GW there
were 63, 70 and 34 participants with the MTHFR 677 CC, CT and TT and 63, 68 and 36 at 34 GW respectively.
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Results

The baseline characteristics of 212 child participants are described in Table
13. 52.8% of the participants were girls and 47.2% were boys and mean age
was 90.2 months. Mean weight was 26.6 kg and mean height was 126.9 cm.
Mean BMI was 16.5 kg/m? and according to the International Obesity Task
Force criteria the prevalence of overweight children was 18.6% and obesity
was present in 7.1% of the children. No significant differences between sexes

were observed for overweight or obesity prevalences.

Girls had lower head circumference compared to boys. Girls also had higher
tricipital, bicipital, subscapular, thigh and suprailiac skinfold thicknesses
compared to boys. Girls’ fat mass was higher than boys’. The prevalence of
the different genotypes of the MTHFR 677 C>T polymorphism were 37.4%,
43.7% and 18.9% respectively.
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Table 13. Baseline descriptive characteristics of children by sex during the follow-up phase at 7.5 years of age.

Total Girls Boys
Sex, % ! 52.8 (46.1,59.4) [112] 47.2 (40.6, 53.9) [100]
Age, months 2 90.2 (89.9, 90.4) [212] 90.1 (89.7, 90.5) [112] 90.3 (89.9, 90.6) [100]
Weight, kg 2 26.6 (26.0, 27.3) [210] 26.7 (25.7,27.7) [112] 26.5 (25.7, 27.4) [98]
Height, cm 2 126.9 (126.2, 127.6) [210] 127.1 (126.1, 128.0) [112] 126.7 (125.7, 127.7) [98]
BMI, kg/m?? 16.5 (16.1, 16.8) [210] 16.5 (16.0, 17.0) [112] 16.4 (16.1, 16.8) [98]
Overweight, % ! 18.6 (13.9, 24.4) [39] 20.5 (14.1, 28.9) [23] 16.3 (10.3, 24.9) [16]
Obese, % * 7.1(4.4,11.4) [15] 8.9 (4.9, 15.7) [10] 5.1(2.2,11.4) [5]
Head circumference, cm * 51.8 (51.6, 52.0) [210] 51.4 (51.1, 51.6) [112] 52.3(52.0,52.7)" [98]
Arm circumference, cm 2 19.1 (18.8, 19.5) [210] 19.2 (18.8, 19.7) [112] 19.0 (18.6, 19.5) [98]
Trunk circumference, cm 2 63.5 (60.5, 66.4) [206] 61.6 (60.6, 62.7) [110] 65.6 (59.4, 71.8) [96]
Waist circumference, cm 2 56.8 (55.9, 57.7) [210] 56.6 (55.3,57.9) [112] 57.0(55.9, 58.1) [98]
Hip circumference, cm 2 66.3 (65.5, 67.1) [206] 67.1 (65.9, 68.2) [110] 65.5 (64.3, 66.6) [96]
Leg circumference, cm 2 35.6 (35.0, 36.2) [200] 35.9 (34.9, 36.8) [105] 35.3 (34.6, 36.1) [95]
Tricipital skinfold, mm 2 10.5 (9.9, 11.0) [205] 11.4 (10.6, 12.2) [108] 9.5(8.7,10.3) " [97]
Bicipital skinfold, mm 2 6.5 (6.0, 6.9) [204] 7.2 (6.6,7.8) [107] 5.7(5.1,6.2) " [97]
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Subscapular skinfold, mm 2

Thigh skinfold, mm 2

Suprailiac skinfold, mm 2

Fat mass, kg 2
Fat free mass, kg’
MTHFR, % *

cC

CT

TT

6.7 (6.2, 7.3) [206]
17.0 (16.0, 18.0) [193]
10.1 (9.2, 11.0) [201]

5.4 (5.1, 5.8) [206]
21.2 (20.8, 21.5) [206]

37.4(30.8,44.4) [71]
43.7 (36.8, 50.8) [83]
18.9 (14.0, 25.1) [36]

7.5(6.7,8.4) [109]
18.7 (17.3, 20.1) [97]
11.6 (10.3, 12.9) [105]

5.8(5.2,6.4) [110]
20.9 (20.4, 21.3) [110]

38.2(29.4, 47.9) [39]
44.1(34.9, 53.8) [45]
17.6 (11.5, 26.2) [18]

5.8(5.3,6.4)  [97]
15.3 (14.0, 16.7)"" [96]
8.4(7.2,9.6)" [96]
5.0 (4.6, 5.4)" [96]
21.5(21.0, 22.1) [96]

36.4(27.1, 46.8) [32]
43.2 (33.3, 53.6) [38]
20.5(13.3, 30.0) [18]

Abbreviations: BMI= Body Mass Index; MTHFR= Methylene Tetrahydrofolate Reductase.
The N is always shown as [ ]. 19% (95% Cl), *arithmetic mean (95% Cl).
Differences between sexes were calculated with chi-square test for categorical variables and ANOVA for continuous variables.

""P<0.001, "P<0.05.
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Table 14. Baseline office BP and ABPM in children at follow-up at 7.5 years.

Total

BP at check-up (Office BP)

SBP mean, mmHg !

DBP mean, mmHg !

a 2
Normal tension, %

Prehypertension,% 2
Hypertension, % 2

ABPM
Systolic ABPM mean,
mmHg !

Diastolic ABPM

1
mean, mmHg
Systolic ABPM day
mean, mmHg !

Diastolic ABPM day
mean, mmHg !
Systolic ABPM night
mean, mmHg !
Diastolic ABPM night
mean, mmHg !

Valid readings !
Normal tension, %"’

White coat
hypertension, % 2
Masked
hypertension, % 2
Prehypertension,% 2

% hypertension g

103.8
(102.7, 105.0)
[183]

64.1 (62.7, 65.6)
[183]

84.9 (78.2, 89.8)
[124]

8.9 (5.3, 14.6) [13]

6.2 (3.3,11.3) [9]

103.1
(102.1, 104.0)
[170]

61.5 (60.8, 62.1)
[170]
106.9
(100.8, 108.0)
[165]

65.9
(65.1, 66.7)[165]
98.9 (97.8, 100.0)
[160]

56.6
(55.9, 57.3) [160]
37 (36, 39) [170]
92.0
(85.9, 95.6) [115]
6.4 (3.3,12.1) [8]

1.6 (0.4, 5.6) [2]

Girls

104.0
(102.3, 105.7)
[100]

65.5 (64.3, 66.9)
[100]

78.2 (67.8, 85.9)
[61]

11.5 (6.2, 20.5) [9]

10.3 (5.3, 19.0) [8]

101.9
(100.6, 103.2) [90]

61.3 (60.4, 62.1)
[90]
105.4
(104.0, 106.8) [35]

65.7 (64.6, 66.9)
[88]
98.1 (96.6, 99.5)
[85]
56.4
(55.5, 57.4) [85]
37 (34, 39) [90]
85.3
(75.0, 91.8) [58]
11.8 (6.1, 21.5) [8]

2.9(0.8,10.1) 2]

Boys

103.7
(102.3, 105.1)
(83]

62.4 (59.8, 65.2)"
[83]

92.6 (83.9. 96.8)
[63]

5.9 (2.3, 14.2) [4]
1.5 (0.3, 7.9) [1]

104.3
(102.7, 105.9)  [80]

61.8 (60.6, 62.7)

[80]

108.6
(107.0,110.3)"
[77]

66.1 (64.9, 67.3)
[777
99.8 (98.0, 101.6)
[75]

56.8
(55.8, 57.9) [75]
38 (36, 41) [80]
100.0
(93.7, 100.0) [57]

Abbreviations: ABPM= Ambulatory Blood Pressure Monitoring; BP= Blood Pressure;

DBP= Diastolic Blood Pressure; SBP= Systolic Blood Pressure.
1geometic mean (95% Cl), % (95% ClI).
Chi-square test for categorical variables and ANOVA for continuous variables,

"P<0.01, "P<0.05.
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Table 14 describes mean offspring BP readings at 7.5 years depending on the
method used, BP at the check-up (office BP) or ABPM. BP is classified in
categories depending on the technique used, as different criteria for

diagnosing hypertension correspond with each method.

Mean SBP and DBP at check-up were 103.8 and 64.1 mmHg, respectively.
Differences between girls and boys were found only in DBP. Looking at ABPM,
mean SBP and DBP were 103.1 and 61.5 mmHg, respectively. Mean systolic
ABPM in girls was lower than in boys. Mean diastolic ABPM was similar
between sexes. As ABPM is measured for 24h, data is collected day and night.
Mean daytime systolic ABPM for girls was lower than in boys. The mean
number of valid readings per child was 37. Classifying BP using office BP
criteria in children (previously explained in the Introduction section) we found
that 84.9% of children were normotensive, 8.9% had prehypertension and
6.2% of them had hypertension. The prevalence of normal BP,
prehypertension and hypertension with ABPM was 92.0%, 1.6% and 0.0%,
respectively. With ABPM we added a new category called white coat

hypertension in which the prevalence was 6.4%.

Baseline anthropometric, biochemical and genetic characteristics of children
at 7.5 years with hypertension and prehypertension versus children with
normal tension are shown in Table 15. There were more girls in the
hypertensive group compared to the normal blood pressure group. Significant
differences between groups were found in weight, BMI, arm, trunk, waist and
hip circumference, tricipital, bicipital, subscapular, thigh and suprailiac
skinfold and fat mass. Hypertensive children weighed more and had higher
BMI, arm, trunk, waist and hip circumference, tricipital, bicipital, subscapular,
thigh and suprailiac skinfold thicknesses and fat mass. No differences in any

of the 1CM biochemical parameters were observed between the blood
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pressure categories. The MTHFR 677 TT genotype was found in 23.1% of

children with normal BP and 10.0% of the prehypertension or hypertension

group.

Table 15. Baseline descriptive characteristics of children with prehypertension +
hypertension vs normal tension.

Sex, % '
Girls, % !
Boys, % t
Age, months 2
Weight, kg 2
Height, cm 2
BMI, kg/m*?
Overweight, % !
Obese, % !
Head circumference, cm 2
Arm circumference, cm >
Trunk circumference, cm 2
Waist circumference, cm *
Hip circumference, cm 2
Leg circumference, cm 2
Tricipital skinfold, mm 2
Bicipital skinfold, mm 2
Subscapular skinfold, mm 2
Thigh skinfold, mm 2
Suprailiac skinfold, mm 2

Fat mass, kg 2

Prehypertension +

hypertension

77.3 (56.6, 89.9) [17]
22.7(10.1, 43.4) [5]
89.6 (89.1, 90.0) [22]
29.4 (26.4, 32.4) [22]
126.4

(124.1, 128.7) [22]
18.4 (16.7, 20.0) [22]
45.5(26.9, 65.3) [10]
27.3(13.2, 48.2) [6]
52.0 (51.1,52.8) [22]
20.2 (19.0, 21.5) [22]
64.2 (60.8, 67.6) [21]
59.9 (56.2, 63.7) [22]
68.8 (65.5, 72.1) [21]
36.3 (33.8, 38.9) [20]
13.7 (11.4, 15.9) [21]

9.6 (7.7, 11.5) [21]
10.3 (7.2, 13.4) [21]
23.1(18.9, 27.2) [18]
15.7 (11.7, 19.6) [21]

7.4(5.5,9.2) [22]

Normal tension

49.2 (40.6,57.9)" [61]
50.8 (42.1, 59.4) [63]
90.1 (89.8, 90.4) [124]
25.8 (25.0, 26.6)  [124]
126.7
(125.9, 127.6) [124]
16.0 (15.7, 16.3) [124]
12.9(8.1,19.9) " [16]
4.0(1.7,9.1) [5]
51.8 (51.5, 52.1) [124]
18.7 (18.3,19.1) [124]
61.6 (60.9, 62.3)" [123]
55.7 (54.7,56.8)  [124]
65.2 (64.3, 66.1)" [124]
35.4 (34.6, 36.2) [122]
9.6(9.0,10.2) " [122]
5.8(5.4,6.3) [122]
5.9(5.4,6.4) [123]
15.3 (14.2,16.4) [119]
8.5(7.6,9.5) [121]
4.9(4.5,5.3) [123]
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21.6 (20.3, 22.9) [22]
114.4 (111.3, 117.6)[22]
82.3 (62.5,102.2) [22]

Fat free mass, kg 2 20.9 (20.4, 21.3) [123]

SBP (mmHg) 2 102.1 (101.0, 103.2) [124]

DBP (mmHg) 62.4 (61.4, 63.4) [124]

Plasma folate (nmol/L) *
RBC folate (nmol/L) 2

Plasma cobalamin

17.7 (14.6, 21.6) [17]
936 (718, 1153) [15]

659 (593, 733) [17]

18.4 (16.4, 20.6) [91]
974 (889, 1060) [90]

628 (593, 666) [90]

(pmol/L) ®
MMA (umol/L) ® 0.15(0.12, 0.14) [17] 0.13(0.12, 0.14) [91]
tHey (umol/L) 2 5.6 (5.0, 6.2) [17] 5.6 (5.4, 5.9) [91]
MTHFR, % *
cc 35.0(18.1, 56.7) [7] 31.5 (23.5, 40.7) [34]
cT 55.0 (34.2, 74.2) [11] 45.4 (36.3, 54.8) [49]
™ 10.0 (2.8, 30.1) [2] 23.1(16.2,31.9) [25]

Abbreviations: ABPM= Ambulatory Blood Pressure Monitoring; BP= Blood Pressure.
'arithmetic mean (95% Cl), % (95% Cl), 3geometric mean (95% Cl).

Chi-square test for categorical variables and ANOVA for continuous variables,
""P<0.001, 'P<0.01, 'P<0.05.

Figure 10 shows baseline 1C metabolism status of children depending on
different genotypes of the MTHFR 677 C>T polymorphism. No significant
differences in status of any of the 1C metabolism nutrients were found

between genotypes.
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Figure 10. Child 1C metabolism (plasma folate, RBC folate, plasma cobalamin, tHcy and MMA) nutritional status depending on their MTHFR 677 C>T
polymorphism.

Abbreviations: MMA= Methylmalonic acid; RBC folate= Red Blood Cell folate; tHcy= fasting total plasma homocysteine. Plasma folate, plasma cobalamin
and MMA were natural log transformed. ANOVA was used to compare the differences between genotypes.

Geometric means are reported and 95% Cl is indicated with error bars. Data for 51 children with the CC genotype, 58 children with the CT genotype and 28
with the TT genotype is reported except for the case of RBC folate where there were 49, 60 and 28 in the CC, CT and TT genotype respectively.
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Table 16. Maternal biochemical characteristics during pregnancy, labour and during offspring follow-up at 7.5 years.

Plasma
folate
(nmol/L) *

RBC folate
(nmol/L)

Plasma
cobalamin

(pmol/)*
holoTC
(pmol/y)*

MMA
(umol/L) *
EGRAC '

tHcy
(umol/L) *

<12 GW

25.3
(23.1,27.7) [209]

949
(879, 1024) [207]

359 (343, 374)
[209]

71.4
(66.1,77.2) [177]

0.12
(0.11, 0.12) [208]

1.14
(1.12, 1.17) [177]

5.3 (5.1, 5.5) [209]

24-27GW

13.0
(11.7, 14.3) [195]

1097
(1021, 1179)[195]

267 (254, 281)
[195]

57.2 (53.2, 61.4)
[170]

0.13 (0.12, 0.14)
[195]

1.16 (1.14, 1.18)
[168]

4.7 (4.6, 4.9) [195]

34GW

11.2
(10.1, 12.5) [190]

888
(814, 970)[188]

244 (231, 258)
[190]

64.1 (59.1, 69.4)
[163]

0.15 (0.14, 0.16)
[190]

1.17 (1.15, 1.20)
[169]

5.3 (5.1, 5.5) [190]

Labour

10.9
(9.7,12.1) [178]

238 (225, 251)
[177]

59.7
(54.5, 65.3) [151]

0.16
(0.15,0.17) [178]

6.3 (6.1, 6.6)
[178]

Cord

24.4
(22.5,26.4) [174]

336 (305, 371)"
[174]

167.4
(145.7,192.4)
[148]

0.27

(0.26,0.28) " [174]

kK

5.2(4.9,5.4)
[174]

Children
7.5 years
18.1
(16.6, 19.6)""""5%
[148]

979
(913,1044)>"""5%
[148]

626
(599, 654558
[147]

0.13
(0.13, 0.14)""""*¢
[148]

5.5

(5.3,5.7)""%%8 [148]

Abbreviations: EGRAC= Erythrocyte Glutathione Reductase Activation assay; GW= gestational weeks; holoTC= holotranscobalamin; MMA= methylmalonic acid;

RBC= Red Blood Cell; tHcy= total fasting plasma homocysteine.

All variables during pregnancy were expressed as geometric mean (95% Cl). In children: 1geometric mean (95% Cl); > arithmetic mean (95% Cl). Differences
between maternal biochemical characteristics at labour and cord were assessed with a paired T-test. Differences between first trimester of pregnancy and children
at 7.5 years were also tested with paired T-test. Labour-cord: P<0.001; 1% trimester-children: mP<0.001; labour-children: §§P<0.01, $5%%p<0.001
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Table 16 shows the pattern of changes in 1CM nutrients during different time
points of pregnancy and offspring follow-up at 7.5 years. Plasma folate
decreases as pregnancy progresses but in the cord it increases. RBC folate
status increases but decreases at 34GW. Plasma cobalamin follows the same
pattern as plasma folate, decreases throughout pregnancy but in the children
at 7.5 years it is very high. holoTC increases until the end of the pregnancy.
MMA does the opposite to cobalamin, increases until late pregnancy
including in the cord but children have similar results as the mothers in early
pregnancy. EGRAC stays stable from early until late pregnancy. HoloTC and
EGRAC were not determined in the children. tHcy at early pregnancy
decreases but then increases between 34GW and labour. Plasma folate,
plasma cobalamin, holoTC and MMA were higher in the cord compared to
labour. Significant differences were found with a paired T-test in plasma
folate, plasma cobalamin, MMA and tHcy in children at 7.5 years compared to

first trimester of pregnancy.

We checked the corresponding MTHFR 677 C>T genotypes between the
mother-child dyads of our study (Table 17) before proceeding with the
multivariate analysis. The genotypes in one mother-child dyad were
incoherent (a CC child born to a TT mother) and we assume that this was due
to a genotyping/ database error. We excluded this dyad from analyses

involving genotypes.
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Table 17. Checking mother-child genotypes of the MTHFR 677C>T

Offspring MTHFR 677C>T polymorphism frequency (%)

cC CT TT
CC 66.2(54.6,76.1) 28.9(20.3,39.4) 0.0(0.0,9.6) [0]
Maternal [47] [24]
MTHFR 677C>T CT  32.4(22.7,43.9) 51.8(41.2,62.2) 41.7(27.1,57.8)
polymorphism [23] [43] [15]
frequency (%) TT  1.4(0.2,7.6) [1] 19.3(12.2,29.0) 58.3(42.2,72.9)
(16] [21]

MTHFR= Methylene Tetrahydrofolate Reductase.

The N is always shown as [ ]. All results are expressed as % (95% Cl).

One mother-child dyad was excluded from this table and further genetic analyses due
to incongruence in the genotypes.

First of all we checked whether there was a correlation between office and
ABPM systolic and diastolic blood pressures. The correlation between office
SBP and systolic ABPM is 0.4 (p=0.000) and the correlation between office
DBP and diastolic ABPM is 0.2 (p = 0.011).

In Table 18 we investigated whether demographic, biochemical, lifestyle and
genetic factors were associated with SBP and DBP using both methods, office
BP and ABPM by multiple linear regression analysis. Our aim was to
investigate which variables were significantly associated with SBP and DBP.
Both models of office BP (SBP and DBP) were significant. However, in the case
of the ABPM models, only the basic model (including child sex and BMI Z-

score) was significant for SBP.

Child’s BMI z-score is the strongest variable in the complete office SBP model
and sex the most important in the office DBP model. Child’s BMI z-score was
positively associated with both office SBP and DBP. In the office SBP model,
child’s plasma folate and maternal smoking were also associated with SBP. In

the office DBP model, male versus female sex was negatively associated with
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DBP and was the most important variable in the model followed by child’s
BMI z-score and child’s MTHFR 677 TT vs CC+CT genotype. In the only
significant ABPM model (basic model, SBP) male sex was positively associated
with SBP. All of the remaining ABPM models were not significant. However,
for informative purposes only, the associations between predictors and the
dependent variables were assessed and contrasted with those of the office
BP models. None of the variables assessed in either of the ABPM models
were significantly associated with SBP or DBP. As BMI z-score is the most
influencing factor in the office SBP model, we would expect to find the same
result in the SBP ABPM model. Surprisingly BMI is not as important in the
ABPM SBP model as is in the office SBP model. The rest of the variables
followed more or less the same pattern, child’s plasma folate and maternal
smoking during pregnancy were positively associated with child SBP in both
the office and ABPM models. Looking at the ABPM DBP model, child’s sex was

not the principal factor as it was in office DBP model.
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Table 18. Associations between maternal and offspring demographic, lifestyle, biochemical and genetic factors and office and ABPM BP
measurements in the child.

Office BP ABPM
SBP DBP SBP DBP
Preliminary adjusted R?=0.086 adjusted R?=0.038" adjusted R?=0.025 adjusted R’=0.001
model [183] [183] [169] [169]
Child’s variables
Sex (ref: girl) -0.0*3** -0.16 0.18 0.03
BMI z-score 0.31 0.15 0.07 0.10
Model 1 adjusted R’=0.078"  adjusted R’=0.041"" adjusted R?=0.015 adjusted R’=-0.010
[181] [181] [168] [168]
Child’s variables
Sex (ref: girl) -0.02 -0.15" 0.18" 0.03
BMI z-score 031 0.16 0.06 0.11
Maternal variables
MTHFR 677 CT (ref: CC) -0.03 0.10 -0.04 0.00
MTHFR 677 TT (ref: CC) -0.06 -0.03 -0.03 0.03
Model 2 adjusted R?=0.089" adjusted R?=0.186 adjusted R’=-0.016 adjusted R?=-0.009
[149] [149] [140] [141]
Child’s variables
Sex (ref: girl) -0.04 034" 0.14 0.00
BMI z-score 0327 0.26 0.00 0.07
Maternal variables
MTHFR 677 CT (ref: CC) 0.06 0.10 0.02 0.02
MTHFR 677 TT (ref: CC) -0.02 -0.02 -0.02 0.02
Gestational hypertension 0.15 0.10 0.06 0.07
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Smoking 0.09 0.03 0.10 -0.07
BMI -0.20 -0.16 0.08 0.07
Plasma folate 0.01 -0.08 -0.01 -0.10
EGRAC -0.05 -0.10 -0.06 -0.15
Model 3 adjusted R’=0.145  adjusted R’=0.295 adjusted R’=-0.029 adjusted R’=-0.039
[97] [97] [101] [101]
Child’s variables
Sex (ref: girl) -0.11 041" 0.1 -0.05
BMI z-score 0.28" 0.29" -0.03 -0.01
MTHFR 677 CT (ref: CC) -0.02 0.03 0.00 0.05
MTHER 677 TT (ref: CC) -0.28" -0.26° 0.16 0.06
Plasma folate 0.25" 0.11 0.16 0.06
Maternal variables
MTHFR 677 CT (ref: CC) 0.10 0.20 -0.01 0.02
MTHFR 677 TT (ref: CC) 0.14 0.22 -0.03 -0.03
Gestational hypertension 0.18* 0.12 0.03 0.09
Smoking 0.21 0.06 0.15 0.02
BMI -0.08 -0.04 0.09 0.06
Plasma folate 0.03 -0.10 0.02 -0.18
EGRAC 0.02 -0.04 -0.08 -0.21

Abbreviations: ABPM= Ambulatory Blood Pressure Monitoring; BP= Blood Pressure; BMI, body mass index; EGRAC= Erythrocyte
Glutathione Reductase Activation assay; MTHFR, methylenetetrahydrofolate reductase; ref=reference. Multiple linear regression analysis
with maternal and offspring demographic, lifestyle and genetic factors as independent variables and SBP and DBP from office BP and ABPM
as dependent variables. Dependent variables were natural log transform before analysis. Results are expressed as standardized B
""P<0.001, "P<0.05.
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Multiple logistic regression analysis was used to investigate the maternal and
child factors that influence the probability of the child having
prehypertension or hypertension. In an initial model the interaction between
maternal and child MTHFR 677C>T genotypes on probability of
prehypertension or hypertension was assessed by including the product
(maternal MTHFR 677C>T genotype)*(child MTHFR 677C>T genotype) in the
model. We observed a significant interaction between the maternal MTHFR
677 C>T and offspring MTHFR 677 C>T genotypes on hypertension (P=0.029

for the interaction term), so they were analysed in separate models.

Table 19 shows the probability of prehypertension or hypertension in the
child associated with the maternal MTHFR 677 C>T polymorphism. The
maternal MTHFR 677 CT genotype increases the risk of having
prehypertension or hypertension 7.4 times. The TT genotype also increases
the risk of prehypertension or hypertension although the association is not
significant. Child obesity also increases the risk. Maternal smoking during
pregnancy increases the risk of prehypertension or hypertension in the office
BP models. The same variables cannot be tested in the ABPM model due to
insufficient cases among the maternal genotype categories to associate with

the outcome.

Table 20 shows the risk of prehypertension or hypertension in the child
associated with child MTHFR 677 C>T. All models were significant. In the
office BP model we can see that the MTHFR 677 CT genotype in the child is
associated with increased probability (by 6.5 times) of having
prehypertension or hypertension. Child obesity increases the risk of
prehypertension or hypertension in both models but does not reach

significance in the ABPM model. Maternal smoking during pregnancy
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increases the risk of prehypertension or hypertension in the children in both

models.

Table 19. Association between maternal MTHFR 677 C>T polymorphism and
prehypertension or hypertension (with office BP and ABPM criteria).

Prehypertension or Prehypertension

Model 1
Overweight (ref: normal
weight)

Obesity (ref: normal weight)

Model 2
Overweight (ref: normal
weight)

Obesity (ref: normal weight)
MTHFR 677 CT (ref: CC)
MTHER 677 TT (ref: CC)

Smoking

Hypertension
(Office BP)

R?=0.305  [91]
3.2(0.5,21.1)

11.5(2.2,60.2) "
R*=0.508"" [85]
5.8 (0.6, 53.7)

16.9 (2.5,114.3)
7.4 (1.0, 55.0)
4.2 (0.3, 56.6)

14.2 (2.0,105.8)

or Hypertension
(ABPM)

R’=0.376  [78]
18.8 (1.0, 367.2)

5.2 (0.8, 34.7)
R’=0.817 (78]

Abbreviations: MTHFR, methylenetetrahydrofolate reductase; ref=reference. Multiple logistic
regression analysis with maternal lifestyle, biochemical and genetic factors as independent
variables and hypertension diagnosed with office BP criteria and ABPM criteria dependent
variables. R” is R’ Nagelkerke. Model 1 looks at the association of maternal MTHFR 677 C>T
polymorphism and hypertension with the predictor variables child sex, overweight and obesity
and child plasma folate.. Model 2: included the same variables as model 1 as well as maternal
MTHFR CT versus CC and MTHFR TT versus CC genotypes, gestational hypertension, maternal
smoking, maternal plasma folate, plasma cobalamin and EGRAC.

One person was excluded from the analysis due to not matching maternal and offspring
genotype.  P<0.001, P<0.01,"P<0.05.
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Table 20. Association between child MTHFR 677 C>T polymorphism and
prehypertension or hypertension (with office BP and ABPM criteria).

Prehypertension or Prehypertension or

Model 1
Overweight vs normal
weight
Obesity vs normal weight
MTHFR 677 CT (ref: CC)
MTHFR 677 TT (ref: CC)
Model 2
Overweight vs normal
weight
Obesity vs normal weight
MTHFR 677 CT (ref: CC)
MTHFR 677 TT (ref: CC)

Hypertension
(Office BP)

R?=0.364" [35]
3.6 (0.5, 2.5)

19.3(3.1,117.8)
3.8(0.7,21.3)
1.1(0.1,11.4)
R?*=0.538 " [85]
5.5 (0.6, 54.0)

33.0 (3.5, 306.4)
6.5 (1.0, 43.5) "
0.8 (0.1, 13.0)

Hypertension
(ABPM)
R’=0.383 [73]

14.9 (0.8, 285.5)

2.2 (0.1, 45.6)
1.2 (0.1, 10.5)
0.7 (0.0, 11.5)
R’*=0.574" [73]

53.0 (1.0, 2822.2)

2.2 (0.1, 45.6)
0.5 (0.1, 10.5)
0.0 (0.0, -)

Smoking during pregnancy 15.6 (2.0,123.3) 11.6 (0.8, 179.2)

Abbreviations: MTHFR, methylenetetrahydrofolate reductase; ref=reference. Multiple logistic
regression analysis with offspring lifestyle, biochemical and genetic factors as independent
variables and hypertension diagnosed with office BP criteria and ABPM criteria dependent
variables. R” is R’ Nagelkerke. Model 1 looks at the association of offspring MTHFR 677 C>T
polymorphism and hypertension with the predictor variables child’s sex, child overweight and
obesity, child plasma folate, MTHFR CT versus CC and MTHFR TT versus CC genotypes. Model
2: included the same variables as model 1 as well as gestational hypertension, maternal
smoking, maternal plasma folate, plasma cobalamin and EGRAC.

One person was excluded from the analysis due to not matching maternal and offspring
genotype.***P<0.001, **P<0.01,*P<0.05.
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Discussion

1. Population study

Our results agree with findings that lower status in plasma folate and plasma
cobalamin were associated with increasing tHcy (65). It is well established
that women have lower tHcy compared to men, that is the reason why we
decided to stratify by sex for the data analysis of the population. In the
highest tertile of tHcy (tHcy> 9.6 umol/L in women and tHcy> 11.1 pumol/L in
men) plasma folate, plasma cobalamin and RBC folate were lower in women
and men and more participants were in the suboptimal status of EGRAC
compared to the lower tertiles. In addition, we observed higher risk of
hypertension in adults aged over 50, when tHcy was in the highest tertile
compared to the lowest tertile. However, in adults aged 50 or under, the
MTHFR 677 C>T polymorphism did not appear to mediate its effect on
hypertension via elevated tHcy. Our results agree with the literature that tHcy
and plasma creatinine concentrations were higher in male participants than
in women, and that plasma folate and cobalamin are strongly and negatively
associated with tHcy (291). The prevalence of the homozygote variant
genotype has been reported to be 11.8% in Spanish Caucasians (68) and our
group have previously reported the prevalence in this population (a
representative sample of the population from 3 towns in Tarragona province)
to be 18%. This is higher than in other countries where mandatory
fortification with folic acid is absent such as Italy, France or The Netherlands
(68). In a study conducted in China the prevalence of the CC, CT and TT
genotypes of the MTHFR 677C>T polymorphism were 38.6%, 48.1% and
13.3% respectively (238).

The results confirm that non-modifiable factors such as age and the
homozygote form of the MTHFR 677C>T polymorphism were the principal

factors that explain homocysteine. The most important factor in women was
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age, but the MTHFR 677 TT genotype was the most important factor in men.
Our linear regression analysis of factors associated with tHcy in all
participants explained 26% of the variability in tHcy. This reflects the fact that
unknown factors, not considered in studies to date, explain an important part
of variability in tHcy. We have to take into account that factors that affect
hyperhomocysteinemia in young people are not the same as old people.
Nygard et al. found that sex, age, folate intake, smoking status, and coffee
consumption were the strongest determinants of tHcy concentration in a
multivariate analysis that did not consider the MTHFR 677 C>T polymorphism
(292) but in our study we showed that MTHFR TT vs CC, age, plasma
cobalamin, creatinine, plasma folate and sex were the strongest determinants
of homocysteine. The Framingham Heart Study also found that plasma folate,
the MTHFR 677C>T polymorphism, age, serum creatinine, plasma cobalamin

and sex were major determinants of tHcy concentrations (65,293).

Our group previously reported that riboflavin status modifies the relationship
between the MTHFR 677C>T polymorphism and tHcy (66). The TT genotype
was most strongly associated with tHcy when riboflavin status was low.
Separately we also reported that the inverse association between the MTHFR
677TT genotype and folate status is potentiated by the SLC19A1 80 AA
genotype. These nutrient and genetic factors, unconsidered in most studies,
may explain the underlying differences in MTHFR genotype-tHcy associations
between studies. Here we also show that smoking, a highly prevalent toxic
habit, also affects the genotype-tHcy relationship. Thus, while the genotype-
tHcy association has been replicated in different countries across the globe,

other genetic and lifestyle factors, modify this association.

The MTHFR 677 TT-tHcy association is stronger in male smokers than

nonsmokers. Smoking may influence hypertension through different
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mechanisms, either shared with or independently of tHcy, such as
impairment of endothelial function, inflammation, lipid modification as well
as an alteration of antithrombotic and prothrombotic factors (294). Smokers
have decreased NO availability compared to nonsmokers (295). Xu et al.
surprisingly found that in a random control trial in hypertensive patients
without cardiovascular comorbidities elevated tHcy was associated with
lower risk of death from all causes and this relationship depended on the
MTHFR 677 C>T polymorphism. When tHcy was in the highest quartile the
MTHFR 677 TT genotype decreased the risk of all-cause mortality compared
to the other genotypes. This is a surprising because elevated tHcy is known to
be a strong predictor of both cardiovascular and noncardiovascular mortality
(296-298). Moreover the authors do not consider that patients with the TT
genotype are likely to have responded differently to the intervention with
folic acid than other participants. It is well established that folic acid modifies
the effect of the TT genotype on tHcy and arguably on hypertension also.
Hence it is likely erroneous to conclude from that study that the TT genotype
has a protective role against all cause mortality in hypertensive patients

(299).

THcy was associated with diagnosed hypertension in people older than 50
years old. The MTHFR 677 TT genotype was associated with hypertension in
people younger than 50. A positive association between homocysteine and
diastolic BP mostly in young adults was found by Nygard et al. (71), while we
only found an association between homocysteine and diagnosed
hypertension in people aged over 50 years. This may be because age and
higher BMI are more present in this group compared to young people and

they are strong risk factors. Nygard et al. do not take into account the MTHFR
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677 C>T polymorphism but we did, as there is evidence that the MTHFR 677
C>T polymorphism is related to hypertension (234,235,238).

The MTHFR 677 TT genotype was associated with hypertension in people
younger than 50. More studies found an association with the MTHFR 677 TT
genotype and hypertension. Rodriguez-Esparragén et al. found a positive
association between MTHFR TT and hypertension in people older than 57
years old (300), which is opposite to our finding. A case-control study in
Australia reported that the TT genotype increased the risk of having
hypertension [OR= 1.42 (1.01-1.99)] only in women. The association was
weaker than that observed in our study but there is mandatory fortification
of flour with folic acid in Australia and this might modify the relationship
between the MTHFR genotype and hypertension (235). A Turkish study with
178 hypertensive and coronary artery disease (CAD) patients with no
mandatory folic acid supplementation also reported that the TT genotype
increased the risk of hypertension [OR= 1.57 (1.04-2.37)] (85). Moreover two
meta-analyses in China found a positive association between MTHFR 677 C>T
polymorphism and hypertension (14)(241). However, a study in a Mexican-
Mestizo population found a protective effect of the minor allele of the
MTHFR 677C>T polymorphism and hypertension (237). Although we did not
look for associations with SBP or DBP, Cheng et al. found that DBP was higher
in the homozygous TT compared to CT and CC and that there were no
significant associations between SBP and the MTHFR 677C>T polymorphism
(238).
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2. Reus-Tarragona Birth Cohort

The baseline characteristics of pregnant women of our study were described
previously. In this thesis we describe the characteristics of the women whose
children went on to participate in the child follow up phase of the study. Their
mean age at pregnancy was 32.3, similar to that of Catalan pregnant women
with an average age of 32.2 (301). Data from Catalunya’s Statistics
Department in 2017 revealed that 20.1% of women from 25-34 years smoke,
quite similar to the results of our study (302). The prevalence of the variant
genotype of the MTHFR 677 C>T polymorphism in pregnant women in our
study is 20.5%. This result is higher than the prevalence of the overall Spanish
population reported by Wilcken et al (68) and slightly higher than in our study
of a representative sample of the local adult population (54). Participant
recruitment differed between our pregnancy and population studies. In this
pregnancy study, participants were recruited from early prenatal clinics in the
participating hospitals, including women of low and high obstetrical risk. In
the population study, participants were randomly recruited from the
population registers based on their age and sex. Comparing with other
pregnancy studies, the prevalence in another Spanish study (89) and a
Northern-Irish study were lower than ours (90). 85% of pregnant women of
our study confirmed taking folic acid supplements during the first trimester. A
Dutch study reported folic acid use in the first trimester by 75.9% of the
women (102). Although the results are quite similar in our study the
percentage is higher, likely reflecting the start of prenatal control in early
pregnancy (an inclusion criteria of our study) and adherence to our study
obstetricians’ recommendation to all participants to take folic acid

supplements during the first trimester of pregnancy. Due to the nature of the
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study, all participants personally received this recommendation from their

obstetrician before completing the first trimester of pregnancy.

1C metabolism nutrient and metabolite status varies during the different
stages of pregnancy (91,92). Kim et al. found that serum homocysteine was
higher in pregnant women (24-28 GW) with the TT genotype compared to CC
or CT genotype as we also observed (303). Although plasma folate and
cobalamin in our study were lower compared to Kim et al’s. study, they all
follow the same trend, being higher in the CC genotype compared to the
others (303). Other studies have found that pregnant women with the TT
genotype had lower status of serum folate (304) or RBC folate (305)
compared to the CC and CT genotypes, and higher tHcy status (304,305).
Plasma folate and cobalamin concentrations decreased significantly
throughout pregnancy and were lowest in the third trimester Also, tHcy
concentrations are lower in the second trimester but increased in the third
trimester (91,306), as we observed in the Reus-Tarragona Birth Cohort
(87,88) and in this subset of mothers in the child follow-up phase. This
pattern of tHcy change is normal during pregnancy and likely strongly
influenced by physiological factors of pregnancy itself (91). Folate status also
contributes to changes in tHcy during pregnancy (91) and the late pregnancy
increase in tHcy is curtailed when supplementation with folic acid is
continued until the end of pregnancy (90). Changes in folic acid use between
the first trimester of pregnancy and the second and third trimesters, in the
Reus Tarragona Birth Cohort, also affected tHcy (87). RBC folate
concentrations increased in all genotypes between <12 GW and 24-27 GW.
We interpret this to be due to extensive use of folic acid supplements during
the first trimester, as reported by the mothers and as reflected in first

trimester plasma folate concentrations. The reduction in RBC folate
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concentrations between 24-27 GW and 34 GW may be due both to cessation
of folic acid supplement use after the first trimester and mobilisation of

maternal folate reserves to meet foetal folate requirements.

Weight and height of our children was lower compared to another study of
Spanish children of similar age (307) but comparing with USA data, RTBC
children weighed less and were taller. It is possible that differences in dietary
habits contribute to these differences (308). Looking at the baseline
characteristics of children separated by sex we observed no significant
differences in BMI between sexes in our study, in line with another study of
Greek children (218) or the IDEFICS study, an epidemiological multicentre
European project in which BMI was similar to ours (309). Overweight and
obesity were slightly more prevalent, although not significantly so, in girls
than in the boys group in our study, contrasting with other studies in which

boys were more overweight and obese (218).

Although BP at check-up of children of the study did not reach worrying
levels, it is true that our children had slightly higher SBP and DBP (SBP= 104.1
mmHg; DBP=65.1 mmHg) compared to two Dutch children studies (102,266)
but lower compared to a Chinese study (310). Overweight and obesity were
more prevalent in our study than in these studies, possibly explaining why our
child BP status is higher. In the IDEFICS study in which they recruited children
from eight European countries including Spain, the results were very similar
to ours (309), so BP values of our study are in line with other European
studies. The prevalence of paediatric hypertension differs between countries,
likely due to the different criteria used, the distribution of reference BP data,
age of participants and the methodology used (311). The prevalence of
hypertension in children in our study was 6.2% and it varies depending on the

country, in Greece the prevalence is 5.2% (312), 6.2% in Italy (313), 5.8% in
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Australia (314), 9.0% had hypertension in China (315) and 3.6% in the USA
(204).

Urbina et al. recommended using the ABPM method when it is suspected that
a child has hypertension and associated office BP measurements with ABPM
(221). This is one of the reasons why we decided to use ABPM. In our study
we saw that there is a significant correlation between office BP results and
ABPM results, being weaker in DBP. This information gives us strength to
stand up for the use of the ABPM in the study, despite the difficulty in
execution of this technique in young children. Certainly in children a little
older than ours, it may be interesting to implement in studies of blood
pressure. In a German study, ABPM results in healthy children between 3-6
years old were 110 mmHg during the daytime and 100 mmHg at night. In this
study as in ours BP decreases at night (316). Although children in a Chinese
study were older than 7.5 years, we concord in some observations regarding
ABPM results, such as higher BP in boys than in girls and that BP values during

the day are higher than at night and it is observed in both sexes (317).

Hypertensive child SBP in a Chinese study (125.7 mmHg), was higher than in
our Reus-Tarragona Birth Cohort, maybe because children in the Chinese
study were older (mean age 12.3 years old) (310). This is why age and sex
specific percentiles are used to classify BP and establish reference ranges.
BMI was significantly different between the hypertensive and normal tension
groups. Our results agree with those from other studies in which BMI was
associated with hypertension and more obese children belonged to the
hypertensive group (318)(311). Other studies have reported higher arm
circumference measurements in hypertensive children compared to those
with normal blood pressure (319). Child plasma folate and tHcy was similar to

other studies. In a Norwegian study tHcy concentration was almost identical
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to ours (320), however it was higher in the Greek study (321). Neither of
these two studies measured BP. It was difficult to find studies that looked at
the relationship between 1CM and BP in children with children of the same

age as ours for comparative purposes.

We did not investigate the associations between maternal tHcy and BP in
children because pregnancy tHcy is not truly indicative of maternal 1C
metabolism status for all of the reasons explained before and we considered
it much more reliable to test the MTHFR 677 C>T component of the mother
(not influenced by pregnancy and folic acid supplement use and other
confounders), and also because in young adults from our population study we
observed that it is a predictor of hypertension. A study with 1279 mother-
child pairs in the USA found a U-shaped relationship between maternal tHcy
during pregnancy and child SBP. Being in the lowest or highest quartile of
maternal tHcy increased the risk of elevated SBP in the children aged
between 3-9 years compared to the 2™ or 3™ tertile, mostly from children
born to obese mothers with tHcy in the highest quartile (322). Van den Hil et
al. in a study in The Netherlands found no associations between maternal first
trimester folate and tHcy concentrations with childhood SBP and DBP in
children of 6 years of age, but they did with maternal first trimester
cobalamin [0.31 mmHg increase in DBP per standard deviation increase in

cobalamin (95 % CI 0.06, 0.56) (266).

Few studies have investigated the relationship between offspring MTHFR 677
C>T polymorphism and BP or hypertension. Xi et al. found in a cross-sectional
study in China with hypertensive versus control children with a mean of age
12.3 years an association between MTHFR 677 C>T polymorphism and
hypertension only in the obese group (310). However, a study with Mexican-

Mestizo healthy children found no association between the polymorphism
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and hypertension (237). Although a Greek study did not explore the
relationship between the MTHFR 677 C>T polymorphism and SBP and DBP,
they did report that age and BMI were positively associated with SBP and DBP
in children aged 6-15 years (218).

We found that the maternal MTHFR 677 CT genotype is associated with
increased risk of prehypertension+hypertension [OR= 7.4 (1.0, 55.0)] in
children in the office BP model. This association also exists when we look at
the effect of «child MTHFR 677 CT genotype in having
prehypertension+hypertension [OR= 6.5 (1.0, 43.5)]. Notably, this
relationship is independent of gestational hypertension. None of these
associations were found in the ABPM models. Although it follows the same
tendency, maybe we have not found these associations in the TT genotype
due to a lack of statistical power. More children with the TT genotype will
have to be recruited in order to explore whether it is associated with
hypertension. The mechanism by which maternal MTHFR 677 C>T
polymorphism is associated with probability of hypertension in the child may
be through foetal programming. For example, if maternal folate status is
impaired by the presence of the variant genotype this may have
repercussions on epigenetic mechanisms involved in programming the

regulation of BP.

It would also be interesting to look at the associations between maternal
MTHFR 677 C>T polymorphism and prehypertension+hypertension in children
stratified by child MTHFR 677 C>T polymorphism but we did not have

sufficient numbers in the genotype subgroups to do this.
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Strengths and limitations

One of the strengths of our study is that our population was a representative
sample from three town hall population registers so it can be extrapolated to
the general population. Participants were not taking any B-vitamin
supplements and in Spain, as in other countries in Europe there is no
mandatory folic acid fortification. This allowed us to explore the direct
associations between 1C metabolism, MTHFR 677C>T polymorphism and
hypertension in a sample not affected by the potential masking effect of folic

acid on underlying metabolic- or genetic-tHcy associations.

Limitations of the population study are that as participants had previously
diagnosed hypertension, it is possible that they had improved their lifestyle
habits to treat the disease and in consequence tHcy and other 1C metabolism
nutrients may have been affected. Moreover hypertension can be caused by
other predictors independently of 1C metabolism but common predictors of
hypertension such as age and BMI were confirmed in the hypertension
models. As it was a cross-sectional study reverse-causation cannot be ruled
out in the different studied tHcy-BP associations. However, this limitation

does not apply to the MTHFR 677 C>T genotype-tHcy association.

The principal strength of our mother and child study is the prospective design
from early life onwards, that all data from pregnant women (anthropometric,
clinical, lifestyle, biochemical and genetic data) was collected from the first
trimester of pregnancy until the end of pregnancy. This data is very valuable
and important because of the difficulty to collect biochemical, clinical and
lifestyle data of the study participants due to the variation of attendance to
the first prenatal care visit. Pregnant women decide when to attend to the

doctor (also depending on when they found out they are pregnant).
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Recognising the limitations of an observational study it also has an element of
strength to it because all pregnant women of the study, while receiving the
protocolised prenatal healthcare advice from health professionals, did not
receive any other type of intervention so the observations may be as
expected in pregnant women in general with a range of lifestyle and clinical
characteristics. It would be interesting to design a clinical trial to investigate
the effect of low folate status on BP, growth and other offspring health
outcomes but it would be unethical, so we cannot further explore the causal
nature of some of the associations that may be relevant to our hypothesis.
However, we adjusted for most of the known potential contributing factors to
residual confounding. Mandatory folic acid supplementation of flour was not
present in our study because unlike other countries like the USA and Canada,
Spain has not implemented this policy, this helped us to investigate
transgenerational associations that may otherwise be masked in the presence

of high maternal folate status.

The most important limitation of our study is the small sample size in the
child follow-up phase at 7.5 years, to date. Although the sample size is
increasing because we are still recruiting children, at the time of analysis for
this thesis, 212 children were followed-up meaning a participation of 51.6% in
the follow-up phase. We are conscious that participation could be improved
but it was difficult to recruit more children. Some parents did not want their
children to miss school a couple of days because of the study and sometimes
it was complicated to arrange the visit with them due to schedule
incompatibility (usually visits were done in working hours but we always
adapted visits to the parents schedule needs). Another reason for not
participating was some parents did not see the need to bring their children to

the hospital for participating in the study and have a blood test if they were
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healthy, they did not want their children to suffer because of that. In case of
rejecting to participate in the study because of the blood sample, we also
offered participation without the blood test. Then some people agreed to
that. Besides all these inconveniences we had enough statistical power to
investigate the transgenerational relationship between maternal 1C
metabolism and different outcomes in the offspring. To guarantee enough
statistical power to test the hypothesis that maternal MTHFR 677 C>T
polymorphism is associated with probability of hypertension in the offspring,
we had to join prehypertension and hypertension cases into the same group

and increase the number of the sample.

Another limitation of the study is the use of ABPM measurement for BP
readings. Although this technique has a great potential and gives the
opportunity to diagnose some pathologies not possible with office BP, we
found that it is difficult to use in children. As mentioned previously, ABPM
makes different measurements during 24h (day and night) and although it is
not painful, when the cuff inflates it can be uncomfortable for the child and
we found out that some of them tried to take the monitor off. We have to
take into account that a child moves a lot, but to obtain correct BP readings
the child must be still. This sometimes led to errors in the reading and invalid
results. In that case we asked the parents to do it again but some refused,
losing sample size. Nevertheless we did collect valid ABPM data from the

children and will add to this in the ongoing study.

Future perspectives

The results of this thesis are meaningful in order to give advice to the

population in a public health context. As this study is a longitudinal study, it
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would be interesting to continue the follow-up of the offspring at different
ages to evaluate if the results obtained in this thesis are sustained over time.
Also replicating this study in other populations would give veracity to our
findings and reforce the evidence for an important role of 1C metabolism and
MTHFR 677 C>T polymorphism in its relationship with BP. In the future, more
longitudinal studies should investigate the association with BP or
hypertension, because at the moment there are few studies in the literature
to do so. Other offspring outcomes should be investigated including lipid
profile, glucose and endothelial function biomarkers to corroborate BP results
and give a complete view of hypertension disease. Other polymorphisms
possibly related to BP and affecting this metabolic network should also be

studied.

As previously said one of the strengths of the mother-child study is the early
recruitment in pregnancy (< 12 GW) and the complete follow-up during all
gestation process including clinical and lifestyle data questionnaires and six
blood samples collected during pregnancy and labour. Recruitment is almost
at the target number of 800 pregnancies that will lead to new child
participants as they reach the age for this phase of the study, thus enabling us

to increase statistical power for further analysis.
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1. Population study

Objectives
Main objective

To investigate the relationship between components of one carbon
metabolism and diagnosed hypertension in a representative sample of an
adult population unexposed to mandatory folic acid fortification and B

vitamin supplement use.

Specific objectives

- To investigate the lifestyle, nutritional and genetic factors associated with

tHcy.

The MTHFR 677 TT vs CC genotype, sex, age group, plasma cobalamin and

plasma folate were the strongest determinants of tHcy.

- To investigate the relationship between tHcy and diagnosed hypertension.

Being in the 3™ tertile of tHcy compared to the 1% and the 2™ tertiles
increased the probability of having diagnosed hypertension [OR=1.8 (1.0,
3.3)]. A stratified analysis by age group showed that this was driven by the
tHcy-hypertension association in people older than 50 years [OR=2.5 (1.2,
5.4)].
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Conclusions

- To investigate the relationship between the MTHFR 677 C>T polymorphism

and diagnosed hypertension.

Having the MTHFR 677 TT compared to the CC genotype increased the
probability of having diagnosed hypertension, [OR=8.2 (1.3, 53.9)], in people

younger than 50 years.

2. Reus-Tarragona Birth Cohort

Objectives
Main objective

To investigate the association between components of maternal one carbon

metabolism and blood pressure in the children aged 7.5 years.

Specific objectives

- To describe maternal one carbon metabolism nutrient and metabolic

parameters, according to MTHFR 677C>T genotype throughout pregnancy.

The patterns of change during pregnancy of plasma folate, cobalamin, MMA,

tHcy and EGRAC did not differ between genotypes.

RBC folate was lower in the TT genotype compared to the CC genotype

throughout pregnancy.
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Conclusions

- To describe one carbon metabolism indicators according to child MTHFR

677C>T genotype in children aged 7.5 years.

No differences between plasma folate, RBC folate, plasma cobalamin, plasma

MMA or tHcy were found between the genotypes in children.

- To compare one carbon metabolism nutrient and metabolic parameters

during pregnancy with those in children at 7.5 years.

Plasma folate, plasma cobalamin, holoTC and MMA were higher and tHcy

lower, in the cord compared to the mother at labour.

Child plasma folate was lower than the mother’s in early pregnancy but
higher than the mother’s in late pregnancy. Child plasma cobalamin, MMA
and tHcy were all higher than in the mother’s in early pregnancy and tHcy

was lower than in the mother’s in late pregnancy.

- To investigate the association between maternal MTHFR 677C>T genotype
and lifestyle factors and prehypertension and hypertension in children at 7.5

years.

Maternal smoking during pregnancy was associated with increased
probability of prehypertension / hypertension in the children aged 7.5 years
[OR=14.2 (2.0, 105.8)].

Maternal MTHFR 677CT genotype was associated with increased probability
of prehypertension / hypertension in the children aged 7.5 years [OR= 7.4
(1.0, 55.0)].
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Conclusions

- To investigate the association between child MTHFR 677C>T genotype and
lifestyle factors and prehypertension and hypertension in children at 7.5

years.

Child MTHFR 677CT genotype was associated with increased risk of

prehypertension or hypertension, [OR=6.5 (1.0, 43.5)].

Child obesity was associated with increased risk of prehypertension or

hypertension, [OR=33.0 (3.5, 306.4)].

164



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

B
BIBLIOGRAPHY




UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

Finkelstein JD. Methionine metabolism in mammals. J Nutr Biochem.
1990;1(5):228-37.

Blount BC, Mack MM, Wehr CM, MacGregor JT, Hiatt RA, Wang G, et
al. Folate deficiency causes uracil misincorporation into human DNA
and chromosome breakage: implications for cancer and neuronal
damage. Proc Natl Acad Sci U S A. 1997;94(7):3290-5.

Czeizel AE, Dudas I. Prevention of the first occurrence of neural-tube
defects by periconceptional vitamin supplementation. N Engl J Med.
1992;327(26):1832-5.

Berry RJ, Li Z, Erickson JD, Li S, Moore CA, Wang H, et al. Prevention of
Neural-Tube Defects with Folic Acid in China. N Engl J Med.
1999;341(20):1485-90.

Wang Y, Zhao N, Qiu J, He X, Zhou M, Cui H, et al. Folic acid
supplementation and dietary folate intake, and risk of preeclampsia.
Eur J Clin Nutr. 2015;69(10):1145-50.

Refsum H, Nurk E, Smith AD, Ueland PM, Gjesdal CG, Bjelland |, et al.
The Hordaland Homocysteine Study: a community-based study of
homocysteine, its determinants, and associations with disease. J Nutr.
2006;136(6 Suppl):17315-1740S.

Takata Y, Shrubsole MJ, Li H, Cai Q, Gao J, Wagner C, et al. Plasma
folate concentrations and colorectal cancer risk: A case-control study
nested within the Shanghai Men’s Health Study. Int J Cancer.
2014;135(9):2191-8.

de Batlle J, Ferrari P, Chajes V, Park JY, Slimani N, McKenzie F, et al.
Dietary Folate Intake and Breast Cancer Risk: European Prospective
Investigation Into Cancer and Nutrition. JNCI J Natl Cancer Inst.
2014;107(1):dju367-dju367.

Ward M, McNulty H, McPartlin J, Strain JJ, Weir DG, Scott JM. Plasma

167



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

10.

11.

12.

13.

14.

15.

16.

17.

homocysteine, a risk factor for cardiovascular disease, is lowered by
physiological doses of folic acid. QJM. 1997;90(8):519-24.

Albert CM, Cook NR, Gaziano JM, Zaharris E, MacFadyen J, Danielson
E, et al. Effect of Folic Acid and B Vitamins on Risk of Cardiovascular
Events and Total Mortality Among Women at High Risk for
Cardiovascular Disease. JAMA. 2008;299(17):2027.

Huo Y, Li J, Qin X, Huang Y, Wang X, Gottesman RF, et al. Efficacy of
Folic Acid Therapy in Primary Prevention of Stroke Among Adults With
Hypertension in China. JAMA. 2015 Apr;313(13):1325.

Stover P. Folate biochemical pathways and their regulation. In: Bailey
L, editor. Folates in Health and Disease. 2nd editio. CRC Press, Taylor
and Francis Group; 2010. p. 49-74.

McNulty H, Pentieva K. Folate bioavailability. In: Bailey LB, editor.
Folate in Health and disease. CRC Press Taylor and Francis Group;
2010. p. 25-48.

Patanwala I, King MJ, Barrett DA, Rose J, Jackson R, Hudson M, et al.
Folic acid handling by the human gut: implications for food
fortification and supplementation. Am J Clin Nutr. 2014;100(2):593-9.

Nguyen MT, Indrawati, Hendrickx M. Model Studies on the Stability of
Folic Acid and 5-Methyltetrahydrofolic Acid Degradation during
Thermal Treatment in Combination with High Hydrostatic Pressure. J
Agric Food Chem. 2003;51(11):3352-7.

Gazzali AM, Lobry M, Colombeau L, Acherar S, Azais H, Mordon S, et
al. Stability of folic acid under several parameters. Eur J Pharm Sci.
2016;93:419-30.

Scott JM, Weir DG. Folic acid, homocysteine and one-carbon
metabolism: a review of the essential biochemistry. J Cardiovasc Risk.

1998;5(4):223—7.

168



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Shane B. Folate in health and disease. 2nd editio. L B, editor. CRC Press
Taylor and Francis Group; 2010. 1-24 p.

Selhub J, Jacques PF, Wilson PW, Rush D, Rosenberg IH. Vitamin status
and intake as primary determinants of homocysteinemia in an elderly
population. JAMA. 1993;270(22):2693-8.

Stover PJ. Physiology of Folate and Vitamin B12 in Health and Disease.
Nutr Rev. 2004;62(6 Pt 2):S3-12.

Molloy AM. Folate and homocysteine interrelationships including
genetics of the relevant enzymes. Curr Opin Lipidol. 2004;15(1):49-57.
Hsu C-Y, Chiu S-W, Hong K-S, Saver JL, Wu Y-L, Lee J-D, et al. Folic Acid
in Stroke Prevention in Countries without Mandatory Folic Acid Food
Fortification: A Meta-Analysis of Randomized Controlled Trials. J
Stroke. 2018;20(1):99-109.

Smith AD, Smith SM, de Jager CA, Whitbread P, Johnston C, Agacinski
G, et al. Homocysteine-Lowering by B Vitamins Slows the Rate of
Accelerated Brain Atrophy in Mild Cognitive Impairment: A
Randomized Controlled Trial. Bush Al, editor. PLoS One.
2010;5(9):e12244.

Chen H, Liu S, JiL, WuT,lJiY, Zhou Y, et al. Folic Acid Supplementation
Mitigates Alzheimer’s Disease by Reducing Inflammation: A
Randomized Controlled Trial. Mediators Inflamm. 2016;2016:1-10.
Institute of Medicine. Dietary Reference Intakes for Thiamin,
Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid,
Biotin, and Choline. Natl Acad Press. 2000;

Brussaard JH, Lowik MR, van den Berg H, Brants HA GR. Folate intake
and status among adults in the Netherlands. Eur J Clin Nutr.
1997;51(Suppl 3):546-50.

Partearroyo T, Samaniego-Vaesken M de L, Ruiz E, Olza J, Aranceta-

169



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

28.

29.

30.

31.

32.

33.

34.

35.

Bartrina J, Gil A, et al. Dietary sources and intakes of folates and
vitamin B12 in the Spanish population: Findings from the ANIBES
study. Portero-Otin M, editor. PLoS One. 2017;12(12):e0189230.
Dietrich M, Brown CJP, Block G. The effect of folate fortification of
cereal-grain products on blood folate status, dietary folate intake, and
dietary folate sources among adult non-supplement users in the
United States. J Am Coll Nutr. 2005;24(4):266—74.

Dhonukshe-Rutten RAM, de Vries JHM, de Bree A, van der Put N, van
Staveren WA, de Groot LCPGM. Dietary intake and status of folate and
vitamin B12 and their association with homocysteine and
cardiovascular disease in European populations. Eur J Clin Nutr.
2009;63(1):18-30.

Bailey LB. Dietary reference intakes for folate: the debut of dietary
folate equivalents. Nutr Rev. 1998;56(10):294-9.

Brouwer IA, van Dusseldorp M, West CE, Meyboom S, Thomas CMG,
Duran M, et al. Dietary Folate from Vegetables and Citrus Fruit
Decreases Plasma Homocysteine Concentrations in Humans in a
Dietary Controlled Trial. J Nutr. 1999;129(6):1135-9.

Hannon-Fletcher MP, Armstrong NC, Scott JM, Pentieva K, Bradbury |,
Ward M, et al. Determining bioavailability of food folates in a
controlled intervention study. Am J Clin Nutr. 2004;80(4):911-8.
Winkels RM, Brouwer 1A, Siebelink E, Katan MB, Verhoef P.
Bioavailability of food folates is 80% of that of folic acid. Am J Clin
Nutr. 2007;85(2):465-73.

Sauberlich HE, Kretsch MJ, Skala JH, Johnson HL, Taylor PC. Folate
requirement and metabolism in nonpregnant women. Am J Clin Nutr.
1987;46(6):1016-28.

Pfeiffer CM, Rogers LM, Bailey LB, Gregory JF. Absorption of folate

170



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

36.

37.

38.

39.

40.

41.

42.

43.

44,

from fortified cereal-grain products and of supplemental folate
consumed with or without food determined by using a dual-label
stable-isotope protocol. Am J Clin Nutr. 1997;66(6):1388—-97.

McNulty H. Increasing evidence in favour of mandatory fortification
with folic acid. BrJ Nutr. 2001;86(4):425-6.

MRC Vitamin Study Research Group. Prevention of neural tube
defects: results of the Medical Research Council Vitamin Study. Lancet
(London, England). 1991;338(8760):131-7.

Food and Drug Administration. Food standards: amendment of
standards of identity for enriched grain products to require addition of
folic acid. Fed Regist. 1996;61:8781-8807.

Canada Gazette part II: regulatory impact analysis statement, SOR/98-
550. 1998;132(24):3029-33.

Recommendations for the use of folic acid to reduce the number of
cases of spina bifida and other neural tube defects. MMWR Recomm
reports Morb Mortal Wkly report Recomm reports. 1992;41(RR-
14):1-7.

Centers for Disease Control (CDC). Use of folic acid for prevention of
spina bifida and other neural tube defects--1983-1991. MMWR Morb
Mortal Wkly Rep. 1991;40(30):513-6.

Food Fortification Initiative. Global Progress [Internet]. 2019. Available
from: http://www.ffinetwork.org/global_progress/index.php
Federacién Espafiola de Sociedades de Nutricion A y D. Ingestas
Dietéticas de Referencia (IDR) para la Poblacién Espafiola, 2010. Act
Dietética. 14(4):196-7.

Qiu A, Jansen M, Sakaris A, Min SH, Chattopadhyay S, Tsai E, et al.
Identification of an intestinal folate transporter and the molecular

basis for hereditary folate malabsorption. Cell. 2006;127(5):917-28.

171



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

45.

46.

47.

48.

49.

50.

51.

52.

Mason JB, Shoda R, Haskell M, Selhub J, Rosenberg IH. Carrier affinity
as a mechanism for the pH-dependence of folate transport in the
small intestine. Biochim Biophys Acta. 1990;1024(2):331-5.

Zhao R, Matherly LH, Goldman ID. Membrane transporters and folate
homeostasis: intestinal absorption and transport into systemic
compartments and tissues. Expert Rev Mol Med. 2009;11:e4.

Lowe KE, Osborne CB, Lin BF, Kim JS, Hsu JC, Shane B. Regulation of
folate and one-carbon metabolism in mammalian cells. Il. Effect of
folylpoly-gamma-glutamate synthetase substrate specificity and level
on folate metabolism and folylpoly-gamma-glutamate specificity of
metabolic cycles of one-carbon metaboli. J Biol Chem.
1993;268(29):21665-73.

Green JM; Ballou DP; Matthews RG. Examination of the role of
methylenetetrahydrofolate  reductase  in  incorporation  of
methyltetrahydrofolate into cellular metabolism. FASEB .
1988;2(1):42-7.

Pfeiffer CM, Caudill SP, Gunter EW, Osterloh J, Sampson EJ.
Biochemical indicators of B vitamin status in the US population after
folic acid fortification: results from the National Health and Nutrition
Examination Survey 1999-2000. Am J Clin Nutr. 2005;82(2):442-50.
Chanarin I. Folates and pterins. In: Blankley R WM, editor. Nutritional,
pharmacological and physiological aspects Vol 3. New York. John Wiley
& Sons; 1986. p. 75-146.

Selhub J, Jacques PF, Dallal G, Choumenkovitch S, Rogers G. The use of
blood concentrations of vitamins and their respective functional
indicators to define folate and vitamin B12 status. Food Nutr Bull.
2008;29(2 Suppl):S67-73.

de Benoist B. Conclusions of a WHO Technical Consultation on folate

172



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

53.

54.

55.

56.

57.

58.

59.

60.

and vitamin B12 deficiencies. Food Nutr Bull. 2008;29(2 Suppl):5238-
44,

World Health Organization. Optimal serum and red blood cell folate
concentrations in women of reproductive age for prevention of neural
tube defects. World Heal Organ. 2015;

Bueno O, Molloy AM, Fernandez-Ballart JD, Garcia-Minguillan CJ,
Ceruelo S, Rios L, et al. Common Polymorphisms That Affect Folate
Transport or Metabolism Modify the Effect of the MTHFR 677C T
Polymorphism on Folate Status. J Nutr. 2016;146(1):1-8.

Agodi A, Barchitta M, Valenti G, Quattrocchi A, Marchese AE, Oliveri
Conti G, et al. Dietary Folate Intake and Blood Biomarkers Reveal High-
Risk Groups in a Mediterranean Population of Healthy Women of
Childbearing Potential. Ann Nutr Metab. 2013;63(3):179-85.

Pfeiffer CM, Johnson CL, Jain RB, Yetley EA, Picciano MF, Rader JI, et al.
Trends in blood folate and vitamin B-12 concentrations in the United
States, 1988—-2004. Am J Clin Nutr. 2007;86(3):718-27.

Tinker SC, Hamner HC, Qi YP, Crider KS. U.S. women of childbearing
age who are at possible increased risk of a neural tube defect-affected
pregnancy due to suboptimal red blood cell folate concentrations,
National Health and Nutrition Examination Survey 2007 to 2012. Birth
Defects Res Part A Clin Mol Teratol. 2015;103(6):517-26.

Scaglione F, Panzavolta G. Folate, folic acid and 5-
methyltetrahydrofolate are not the same thing. Xenobiotica.
2014;44(5):480-8.

Achebe MM, Gafter-Gvili A. How | treat anemia in pregnancy: iron,
cobalamin, and folate. Blood. 2017;129(8):940-9.

Ma F, Wu T, Zhao J, Ji L, Song A, Zhang M, et al. Plasma Homocysteine

and Serum Folate and Vitamin B12 Levels in Mild Cognitive

173



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

61.

62.

63.

64.

65.

66.

67.

Impairment and Alzheimer’s Disease: A Case-Control Study. Nutrients.
2017;9(7):725.

Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG, et
al. A candidate genetic risk factor for vascular disease: a common
mutation in methylenetetrahydrofolate reductase. Nat Genet.
1995;10(1):111-3.

Yamada K, Chen Z, Rozen R, Matthews RG. Effects of common
polymorphisms on the properties of recombinant human
methylenetetrahydrofolate  reductase. Proc Natl Acad Sci.
2001;98(26):14853-8.

Guenther BD, Sheppard CA, Tran P, Rozen R, Matthews RG, Ludwig
ML. The structure and properties of methylenetetrahydrofolate
reductase from Escherichia coli suggest how folate ameliorates human
hyperhomocysteinemia. Nat Struct Biol. 1999;6(4):359-65.

Hustad S, Ueland PM, Vollset SE, Zhang Y, Bjgrke-Monsen AL,
Schneede J. Riboflavin as a determinant of plasma total homocysteine:
effect modification by the methylenetetrahydrofolate reductase
C677T polymorphism. Clin Chem. 2000;46(8 Pt 1):1065-71.

Jacques PF, Bostom AG, Wilson PW, Rich S, Rosenberg IH, Selhub J.
Determinants of plasma total homocysteine concentration in the
Framingham Offspring cohort. Am J Clin Nutr. 2001;73(3):613-21.
Garcia-Minguillan CJ, Fernandez-Ballart JD, Ceruelo S, Rios L, Bueno O,
Berrocal-Zaragoza M, et al. Riboflavin status modifies the effects of
methylenetetrahydrofolate reductase (MTHFR) and methionine
synthase reductase (MTRR) polymorphisms on homocysteine. Genes
Nutr. 2014;9(6):435.

McNulty H, McKinley MC, Wilson B, McPartlin J, Strain JJ, Weir DG, et

al. Impaired functioning of thermolabile methylenetetrahydrofolate

174



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

68.

69.

70.

71.

72.

73.

74.

75.

reductase is dependent on riboflavin status: implications for riboflavin
requirements. Am J Clin Nutr. 2002;76(2):436—41.

Wilcken B, Bamforth F, Li Z, Zhu H, Ritvanen A, Renlund M, et al.
Geographical and ethnic variation of the 677C>T allele of 5,10
methylenetetrahydrofolate reductase (MTHFR): findings from over
7000 newborns from 16 areas world wide. J Med Genet.
2003;40(8):619-25.

Allen RH, Stabler SP, Savage DG, Lindenbaum J. Metabolic
abnormalities in cobalamin (vitamin B12) and folate deficiency. FASEB
J.1993;7(14):1344-53.

Selhub J, Jacques PF, Bostom AG, Wilson PW, Rosenberg IH.
Relationship between plasma homocysteine and vitamin status in the
Framingham study population. Impact of folic acid fortification. Public
Health Rev. 2000;28(1-4):117-45.

Nygard O, Vollset SE, Refsum H, Stensvold I, Tverdal A, Nordrehaug JE,
et al. Total plasma homocysteine and cardiovascular risk profile. The
Hordaland Homocysteine Study. JAMA. 1995;274(19):1526-33.

de Bree A, Verschuren WMM, Bjgrke-Monsen A-L, van der Put NMJ,
Heil SG, Trijbels FIM, et al. Effect of the methylenetetrahydrofolate
reductase 677CT mutation on the relations among folate intake and
plasma folate and homocysteine concentrations in a general
population sample. Am J Clin Nutr. 2003;77(3):687-93.

Han L, Wu Q, Wang C, Hao Y, Zhao J, Zhang L, et al. Homocysteine,
Ischemic Stroke, and Coronary Heart Disease in Hypertensive Patients.
Stroke. 2015;46(7):1777-86.

Homocysteine and risk of ischemic heart disease and stroke: a meta-
analysis. JAMA. 288(16):2015-22.

Homocysteine Lowering Trialists’ Collaboration. Dose-dependent

175



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

76.

77.

78.

79.

80.

81.

82.

83.

effects of folic acid on blood concentrations of homocysteine: a meta-
analysis of the randomized trials. Am J Clin Nutr. 2005;82(4):806—12.
Huang T, Tucker KL, Lee Y-C, Crott JW, Parnell LD, Shen J, et al.
Interactions between genetic variants of folate metabolism genes and
lifestyle affect plasma homocysteine concentrations in the Boston
Puerto Rican population. Public Health Nutr. 2011;14(10):1805-12.

de Bree A, Verschuren WM, Blom HJ, Kromhout D. Lifestyle Factors
and Plasma Homocysteine Concentrations in a General Population
Sample. Am J Epidemiol. 2001;154(2):150-4.

McNulty H, Dowey LRC, Strain JJ, Dunne A, Ward M, Molloy AM, et al.
Riboflavin lowers homocysteine in individuals homozygous for the
MTHFR 677C>T polymorphism. Circulation. 2006;113(1):74-80.
Jacques PF, Selhub J, Bostom AG, Wilson PW, Rosenberg IH. The effect
of folic acid fortification on plasma folate and total homocysteine
concentrations. N Engl ] Med. 1999 May 13;340(19):1449-54.

Crider KS, Zhu J-H, Hao L, Yang Q-H, Yang TP, Gindler J, et al. MTHFR
677CT genotype is associated with folate and homocysteine
concentrations in a large, population-based, double-blind trial of folic
acid supplementation. Am J Clin Nutr. 2011;93(6):1365-72.

Jacques PF, Bostom AG, Williams RR, Ellison RC, Eckfeldt JH, Rosenberg
IH, et al. Relation between folate status, a common mutation in
methylenetetrahydrofolate reductase, and plasma homocysteine
concentrations. Circulation. 1996;93(1):7-9.

Hung J, Yang TL, Urrutia TF, Li R, Perry CA, Hata H, et al. Additional
food folate derived exclusively from natural sources improves folate
status in young women with the MTHFR 677 CC or TT genotype. J Nutr
Biochem. 2006;17(11):728-34.

Tsang BL, Devine 0J, Cordero AM, Marchetta CM, Mulinare J,

176



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

84.

85.

86.

87.

88.

89.

90.

Mersereau P, et al. Assessing the association between the
methylenetetrahydrofolate reductase (MTHFR) 677CT polymorphism
and blood folate concentrations: a systematic review and meta-
analysis of trials and observational studies. Am J Clin Nutr.
2015;101(6):1286-94.

Colson NJ, Naug HL, Nikbakht E, Zhang P, McCormack J. The impact of
MTHFR 677 C/T genotypes on folate status markers: a meta-analysis of
folic acid intervention studies. Eur J Nutr. 2017;56(1):247-60.

Ilhan N, Kucuksu M, Kaman D, llhan N, Ozbay Y. The 677 C/T MTHFR
polymorphism is associated with essential hypertension, coronary
artery disease, and higher homocysteine levels. Arch Med Res.
2008;39(1):125-30.

Chanarin I, Rothman D, Ward A, Perry J. Folate status and requirement
in pregnancy. Br Med J. 1968;2(5602):390—4.

Fernandez-Roig S, Cavallé-Busquets P, Fernandez-Ballart D,
Ballesteros M, Berrocal-Zaragoza MI, Salat-Batlle J, et al. Low folate
status enhances pregnancy changes in plasma betaine and
dimethylglycine concentrations and the association between betaine
and homocysteine. Am J Clin Nutr. 2013;97(6):1252-9.

Solé-Navais P, Salat-Batlle J, Cavallé-Busquets P, Fernandez-Ballart J,
Ueland PM, Ballesteros M, et al. Early pregnancy folate-cobalamin
interactions and their effects on cobalamin status and hematologic
variables throughout pregnancy. Am J Clin Nutr. 2018;107(2):173-82.
Ubeda N, Reyes L, Gonzdlez-Medina A, Alonso-Aperte E, Varela-
Moreiras G. Physiologic changes in homocysteine metabolism in
pregnancy: a longitudinal study in Spain. Nutrition. 2011;27(9):925-
30.

McNulty B, McNulty H, Marshall B, Ward M, Molloy AM, Scott JM, et

177



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

91.

92.

93.

94.

95.

96.

97.

al. Impact of continuing folic acid after the first trimester of
pregnancy: findings of a randomized trial of Folic Acid
Supplementation in the Second and Third Trimesters. Am J Clin Nutr.
2013;98(1):92-8.

Murphy MM, Scott JM, McPartlin JM, Fernandez-Ballart JD. The
pregnancy-related decrease in fasting plasma homocysteine is not
explained by folic acid supplementation, hemodilution, or a decrease
in albumin in a longitudinal study. Am J Clin Nutr. 2002;76(3):614-9.
Murphy MM, Scott JM, Arija V, Molloy AM, Fernandez-Ballart JD.
Maternal homocysteine before conception and throughout pregnancy
predicts fetal homocysteine and birth weight. Clin Chem.
2004;50(8):1406-12.

Molloy AM, Mills JL, Cox C, Daly SF, Conley M, Brody LC, et al. Choline
and homocysteine interrelations in umbilical cord and maternal
plasma at delivery. Am J Clin Nutr. 2005;82(4):836-42.

Hogeveen M, Blom HJ, den Heijer M. Maternal homocysteine and
small-for-gestational-age offspring: systematic review and meta-
analysis. Am J Clin Nutr. 2012;95(1):130-6.

Cotter AM, Molloy AM, Scott JM, Daly SF. Elevated plasma
homocysteine in early pregnancy: a risk factor for the development of
nonsevere preeclampsia. Am J Obstet Gynecol. 2003;189(2):391-4;
discussion 394-6.

Dodds L, Fell DB, Dooley KC, Armson BA, Allen AC, Nassar BA, et al.
Effect of homocysteine concentration in early pregnancy on
gestational hypertensive disorders and other pregnancy outcomes.
Clin Chem. 2008;54(2):326—-34.

Yajnik CS, Deshpande SS, Panchanadikar A V, Naik SS, Deshpande JA,

Coyaji KJ, et al. Maternal total homocysteine concentration and

178



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

98.

99.

100.

101.

102.

103.

104.

105.

neonatal size in India. Asia Pac J Clin Nutr. 2005;14(2):179-81.
Andersson A, Hultberg B, Brattstrom L, Isaksson A. Decreased serum
homocysteine in pregnancy. Eur J Clin Chem Clin Biochem.
1992;30(6):377-9.

Molloy AM, Mills JL, McPartlin J, Kirke PN, Scott JM, Daly S. Maternal
and fetal plasma homocysteine concentrations at birth: the influence
of folate, vitamin B12, and the 5,10-methylenetetrahydrofolate
reductase 677C>T variant. Am J Obstet Gynecol. 2002;186(3):499-503.
Lassi ZS, Salam RA, Haider BA, Bhutta ZA. Folic acid supplementation
during pregnancy for maternal health and pregnancy outcomes.
Cochrane Database Syst Rev. 2013;

Takimoto H, Mito N, Umegaki K, Ishiwaki A, Kusama K, Abe S, et al.
Relationship between dietary folate intakes, maternal plasma total
homocysteine and B-vitamins during pregnancy and fetal growth in
Japan. Eur J Nutr. 2007;46(5):300-6.

Krikke GG, Grooten 1), Vrijkotte TGM, van Eijsden M, Roseboom TJ,
Painter RC. Vitamin B12 and folate status in early pregnancy and
cardiometabolic risk factors in the offspring at age 5-6 years: findings
from the ABCD multi-ethnic birth cohort. BJOG [Internet]. 2016 Feb
[cited 2017 Sep 1];123(3):384-92. Available from:
http://doi.wiley.com/10.1111/1471-0528.13574

Northrop-Clewes CA, Thurnham DI. The Discovery and
Characterization of Riboflavin. Ann Nutr Metab. 2012;61(3):224-30.
Rivlin R. Riboflavin. In: Handbook of Vitamins. Fourth Edi. Boca Raton:
CRC Press Taylor and Francis Group; 2007. p. 233-51.

National Institute of Health- Office of Dietary Supplements. Riboflavin
[Internet]. Available from:

https://ods.od.nih.gov/factsheets/Riboflavin-HealthProfessional/

179



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Powers HIJ. Riboflavin (vitamin B-2) and health. Am J Clin Nutr.
2003;77(6):1352-60.

Clinica Universidad de Navarra. Alimentos ricos en vitamina B2 o
riboflavina [Internet]. Available from: https://www.cun.es/chequeos-
salud/vida-sana/nutricion/alimentos-ricos-vitamina-b2

Said HM. Water-Soluble Vitamins. In: World review of nutrition and
dietetics. 2014. p. 30-7.

McCormick DB. The fate of riboflavin in the mammal. Nutr Rev.
1972;30(4):75-9.

Zanette D, Monaco HL, Zanotti G, Spadon P. Crystallization of hen
eggwhite riboflavin-binding protein. J Mol Biol. 1984;180(4):1185-7.
Dainty JR, Bullock NR, Hart DJ, Hewson AT, Turner R, Finglas PM, et al.
Quantification of the bioavailability of riboflavin from foods by use of
stable-isotope labels and kinetic modeling. Am J Clin Nutr.
2007;85(6):1557-64.

Zempleni J, Galloway JR, McCormick DB. Pharmacokinetics of orally
and intravenously administered riboflavin in healthy humans. Am J
Clin Nutr. 1996;63(1):54-66.

Institute of Medicine (US) Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes and its Panel on Folate, Other
B Vitamins and C. Riboflavin. 1998;

Otten, Jennifer, Pitzi Hellwig, Jennifer, Meyers LD, editor. Riboflavin.
In: Dietary Reference Intakes: The Essential Guide to Nutrient
Requirements. Institute of Medicine of the National Academies; 2006.
p. 274-9.

Nichols EK, Talley LE, Birungi N, McClelland A, Madraa E, Chandia AB,
et al. Suspected Outbreak of Riboflavin Deficiency among Populations

Reliant on Food Assistance: A Case Study of Drought-Stricken

180



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

116.

117.

118.

119.

120.

121.

122.

123.

Karamoja, Uganda, 2009-2010. Diemert DJ, editor. PLoS One.
2013;8(5):62976.

Gupta A, Khenduja P, Pandey RM, Sati HC, Sofi NY, Kapil U. Dietary
Intake of Minerals, Vitamins, and Trace Elements Among Geriatric
Population in India. Biol Trace Elem Res. 2017;180(1):28-38.

Whitfield KC, Karakochuk CD, Liu Y, McCann A, Talukder A, Kroeun H,
et al. Poor Thiamin and Riboflavin Status Is Common among Women
of Childbearing Age in Rural and Urban Cambodia. J Nutr.
2015;145(3):628-33.

Bates CJ, Prentice AM, Paul AA, Prentice A, Sutcliffe BA, Whitehead
RG. Riboflavin status in infants born in rural Gambia, and the effect of
a weaning food supplement. Trans R Soc Trop Med Hyg.
1982;76(2):253-8.

Ruston D, Hoare J, Henderson L GJ. The National Diet and Nutrtion
Survey: adults aged 19-64. Nutr status. 2004;

Anderson JIB, Suchindran CM, Roggenkamp KJ. Micronutrient intakes
in two US populations of older adults: lipid research clinics program
prevalence study findings. J Nutr Health Aging. 2009;13(7):595-600.
Preziosi P, Galan P, Deheeger M, Yacoub N, Drewnowski A, Hercberg S.
Breakfast type, daily nutrient intakes and vitamin and mineral status
of French children, adolescents, and adults. J Am Coll Nutr.
1999;18(2):171-8.

Powers HJ, Hill MH, Mushtaq S, Dainty JR, Majsak-Newman G,
Williams EA. Correcting a marginal riboflavin deficiency improves
hematologic status in young women in the United Kingdom
(RIBOFEM). Am J Clin Nutr. 2011;93(6):1274-84.

Horigan G, McNulty H, Ward M, Strain J, Purvis J, Scott JM. Riboflavin

lowers blood pressure in cardiovascular disease patients homozygous

181



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

124.

125.

126.

127.

128.

129.

130.

131.

132.

for the 677C->T polymorphism in  MTHFR. J Hypertens.
2010;28(3):478-86.

Wilson CP, Ward M, McNulty H, Strain JJ, Trouton TG, Horigan G, et al.
Riboflavin offers a targeted strategy for managing hypertension in
patients with the MTHFR 677TT genotype: a 4-y follow-up. Am J Clin
Nutr. 2012;95(3):766—72.

Lane M, Alfrey CP. The anemia of human riboflavin deficiency. Blood.
1965;25:432-42.

Mount JN, Heduan E, Herd C, Jupp R, Kearney E, Marsh A. Adaptation
of coenzyme stimulation assays for the nutritional assessment of
vitamins B1, B2 and B6 using the Cobas Bio centrifugal analyser. Ann
Clin Biochem. 1987;24 ( Pt 1)(1):41-6.

McNulty H, Dowey LRC, Strain JJ, Dunne A, Ward M, Molloy AM, et al.
Riboflavin Lowers Homocysteine in Individuals Homozygous for the
MTHFR 677C>T Polymorphism. Circulation. 2006;113(1):74-80.

Piper MA, Evans CV, Burda BU et al. Screening for High Blood Pressure
in Adults: A Systematic Evidence Review for the U.S. Preventive
Services Task Force. Rockv Agency Healthc Res Qual. 2014;

World Health Organization. A global brief on Hypertension- Silent
killer, global public health crisis. 2013;

H Kenneth Walker, MD, W Dallas Hall, MD, and J Willis Hurst M.
Clinical Methods: The History, Physical, and Laboratory Examinations.
3rd edition. Butterworths. 1990;

Marin R, de la Sierra A, Armario P, Campo C, Banegas JR, Gorostidi M.
Guia sobre el diagndstico y tratamiento de la hipertension arterial en
Espafia 2005. Med Clin (Barc). 2005;125(1):24-34.

Mancia G, Fagard R, Narkiewicz K, Reddn J, Zanchetti A, Bohm M, et al.

2013 ESH/ESC Guidelines for the management of arterial

182



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

133.

134.

135.

136.

137.

138.

139.

140.

141.
142.

hypertension. J Hypertens. 2013;31(7):1281-357.

Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M,
et al. 2018 ESC/ESH Guidelines for the management of arterial
hypertension. Eur Heart J. 2018;39(33):3021-104.

American Heart Association. Understanding Blood Pressure Readings
[Internet].  Available  from:  https://www.heart.org/en/health-
topics/high-blood-pressure/understanding-blood-pressure-readings
Centers for Disease Control and Prevention. High Blood Pressure-
Measuring Blood Pressure [Internet]. Available from:
https://www.cdc.gov/bloodpressure/measure.htm

de la Sierra A, Gorostidi M, Marin R, Reddn J, Banegas JR, Armario P, et
al. [Evaluation and management of hypertension in Spain. A consensus
guide]. Med Clin (Barc). 2008;131(3):104-16.

Chobanian A V., Bakris GL, Black HR, Cushman WC, Green LA, lzzo JL,
et al. The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure: The JNC 7 Report. JAMA. 2003;289(19):2560.

Padmanabhan S, Caulfield M, Dominiczak AF. Genetic and molecular
aspects of hypertension. Circ Res. 2015;116(6):937-59.

Rossier BC, Bochud M, Devuyst O. The Hypertension Pandemic: An
Evolutionary Perspective. Physiology. 2017;32(2):112-25.

World Health Organization. The top 10 causes of death [Internet].
Available from: http://www.who.int/news-room/fact-
sheets/detail/the-top-10-causes-of-death

World Health Organization. Causes of Death 2008.

Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J.
Global burden of hypertension: analysis of worldwide data. Lancet.

2005 Jan;365(9455):217-23.

183



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

143.

144.

145.

146.

147.

148.

149.

150.

151.

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al.
A comparative risk assessment of burden of disease and injury
attributable to 67 risk factors and risk factor clusters in 21 regions,
1990-2010: a systematic analysis for the Global Burden of Disease
Study 2010. Lancet. 2012;380(9859):2224-60.

World Health Organization. Global status report on noncommunicable
diseases 2010.

World Health Organization. Global status report on noncommunicable
diseases 2014.

Guo F, He D, Zhang W, Walton RG. Trends in Prevalence, Awareness,
Management, and Control of Hypertension Among United States
Adults, 1999 to 2010. J Am Coll Cardiol. 2012;60(7):599-606.

Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, et
al. Heart disease and stroke statistics--2013 update: a report from the
American Heart Association. Circulation. 2013;127(1):e6-245.
Falaschetti E, Mindell J, Knott C, Poulter N. Hypertension management
in England: a serial cross-sectional study from 1994 to 2011. Lancet
(London, England). 2014;383(9932):1912-9.

Wang J, Zhang L, Wang F, Liu L, Wang; H, China National Survey of
Chronic Kidney Disease Working Group. Prevalence, Awareness,
Treatment, and Control of Hypertension in China: Results From a
National Survey. Am J Hypertens. 2014;27(11):1355-61.

Menéndez E, Delgado E, Fernandez-Vega F, Prieto MA, Bordiu E, Calle
A, et al. Prevalencia, diagndstico, tratamiento y control de la
hipertensidn arterial en Espafa. Resultados del estudio Di@bet.es. Rev
Espafiola Cardiol. 2016;69(6):572-8.

Banegas JR, Graciani A, de la Cruz-Troca JJ, Leén-Mufioz LM, Guallar-

Castillén P, Coca A, et al. Achievement of Cardiometabolic Goals in

184



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

152.

153.

154.

155.

156.

157.

158.

159.

Aware Hypertensive Patients in Spain. Hypertension. 2012;60(4):898—
905.

Li W, Gu H, Teo KK, Bo J, Wang Y, Yang J, et al. Hypertension
prevalence, awareness, treatment, and control in 115 rural and urban
communities involving 47 000 people from China. J Hypertens.
2016;34(1):39-46.

Chow CK. Prevalence, Awareness, Treatment, and Control of
Hypertension in Rural and Urban Communities in High-, Middle-, and
Low-Income Countries. JAMA. 2013;310(9):959.

Fryar CD, Ostchega Y, Hales CM, Zhang G, Kruszon-Moran D.
Hypertension Prevalence and Control Among Adults: United States,
2015-2016. NCHS Data Brief. 2017;(289):1-8.

Choi HM, Kim HC, Kang DR. Sex differences in hypertension prevalence
and control: Analysis of the 2010-2014 Korea National Health and
Nutrition Examination Survey. Spracklen CN, editor. PLoS One.
2017;12(5):e0178334.

Basu S, Millett C. Social epidemiology of hypertension in middle-
income countries: determinants of prevalence, diagnosis, treatment,
and control in the WHO SAGE study. Hypertension. 2013;62(1):18-26.
Lewington S, Lacey B, Clarke R, Guo Y, Kong XL, Yang L, et al. The
Burden of Hypertension and Associated Risk for Cardiovascular
Mortality in China. JAMA Intern Med. 2016;176(4):524.

Groppelli A, Giorgi DM, Omboni S, Parati G, Mancia G. Persistent blood
pressure increase induced by heavy smoking. J Hypertens.
1992;10(5):495-9.

Minami J, Ishimitsu T, Matsuoka H. Effects of smoking cessation on
blood pressure and heart rate variability in habitual smokers.

Hypertens (Dallas, Tex 1979). 1999;33(1 Pt 2):586-90.

185



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Minami J, Yoshii M, Todoroki M, Nishikimi T, Ishimitsu T, Fukunaga T,
et al. Effects of alcohol restriction on ambulatory blood pressure,
heart rate, and heart rate variability in Japanese men. Am J Hypertens.
2002;15(2 Pt 1):125-9.

Cutler JA, Sorlie PD, Wolz M, Thom T, Fields LE, Roccella EJ. Trends in
Hypertension Prevalence, Awareness, Treatment, and Control Rates in
United States Adults Between 1988-1994 and 1999-2004.
Hypertension. 2008;52(5):818-27.

Juraschek SP, Blaha MJ, Whelton SP, Blumenthal R, Jones SR, Keteyian
SJ, et al. Physical fitness and hypertension in a population at risk for
cardiovascular disease: the Henry Ford Exerclse Testing (FIT) Project. J
Am Heart Assoc. 2014;3(6):e001268.

O’Brien E, Parati G, Stergiou G, Asmar R, Beilin L, Bilo G, et al.
European Society of Hypertension Position Paper on Ambulatory
Blood Pressure Monitoring. J Hypertens. 2013;31(9):1731-68.

Mancia G. Short- and long-term blood pressure variability: present and
future. Hypertens (Dallas, Tex 1979). 2012;60(2):512-7.

Parati G, Ochoa JE, Lombardi C, Bilo G. Assessment and management
of blood-pressure variability. Nat Rev Cardiol. 2013;10(3):143-55.
Beyhaghi H, Viera AJ. Comparative Cost-Effectiveness of Clinic, Home,
or Ambulatory Blood Pressure Measurement for Hypertension
Diagnosis in US Adults. Hypertension. 2019;73(1):121-31.

National Institute for Health and Care Excellence. Hypertension in
adults: diagnosis and management. Clinical guideline. 2011;

Franklin SS, Thijs L, Hansen TW, O’Brien E, Staessen JA. White-Coat
Hypertension. Hypertension. 2013;62(6):982-7.

Siu AL, U.S. Preventive Services Task Force. Screening for High Blood

Pressure in Adults: U.S. Preventive Services Task Force

186



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

170.

171.

172.

173.

174.

175.

176.

Recommendation Statement. Ann Intern Med. 2015;163(10):778.
Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Dennison
Himmelfarb C, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
Guideline for the Prevention, Detection, Evaluation, and Management
of High Blood Pressure in Adults: Executive Summary: A Report of the
American College of Cardiology/American Heart Association Task F.
Hypertension. 2018;71(6):1269-324.

Boggia J, Li Y, Thijs L, Hansen TW, Kikuya M, Bjorklund-Bodegard K, et
al. Prognostic accuracy of day versus night ambulatory blood pressure:
a cohort study. Lancet (London, England). 2007;370(9594):1219-29.
Anstey DE, Colantonio LD, Yano Y, Booth JN, Muntner P. The
importance of using 24-hour and nighttime blood pressure for the
identification of white coat hypertension: Data from the Jackson Heart
Study. J Clin Hypertens. 2018;20(8):1176-82.

Bobrie G, Clerson P, Ménard J, Postel-Vinay N, Chatellier G, Plouin P-F.
Masked hypertension: a systematic review. J Hypertens.
2008;26(9):1715-25.

Ohkubo T, Kikuya M, Metoki H, Asayama K, Obara T, Hashimoto J, et
al. Prognosis of masked hypertension and white hypertension
detected by 24-h ambulatory blood pressure monitoring 10-year
follow-up from the Ohasama study. J Am Coll Cardiol. 2005;46(3):508—
15.

Lurbe E, Torro |, Alvarez V, Nawrot T, Paya R, Redon J, et al.
Prevalence, persistence, and clinical significance of masked
hypertension in youth. Hypertens (Dallas, Tex 1979). 2005;45(4):493—
8.

Hansen TW, Kikuya M, Thijs L, Bjorklund-Bodegard K, Kuznetsova T,

187



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

177.

178.

179.

180.

181.

182.

183.

184.

Ohkubo T, et al. Prognostic superiority of daytime ambulatory over
conventional blood pressure in four populations: a meta-analysis of
7030 individuals. J Hypertens. 2007;25(8):1554—-64.

Niiranen TJ, Maki J, Puukka P, Karanko H, Jula AM. Office, Home, and
Ambulatory Blood Pressures as Predictors of Cardiovascular Risk.
Hypertension. 2014;64(2):281-6.

Sega R, Facchetti R, Bombelli M, Cesana G, Corrao G, Grassi G, et al.
Prognostic Value of Ambulatory and Home Blood Pressures Compared
With Office Blood Pressure in the General Population. Circulation.
2005;111(14):1777-83.

Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, Daniels
SR, et al. Clinical Practice Guideline for Screening and Management of
High Blood Pressure in Children and Adolescents. Pediatrics.
2017;140(3).

James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C,
Handler J, et al. 2014 Evidence-Based Guideline for the Management
of High Blood Pressure in Adults. JAMA. 2014;311(5):507.

World Health Organization. Global Action Plan for the Prevention and
Control of NCDs 2013-2020.

O’Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL, Rao-Melacini P, et al.
Risk factors for ischaemic and intracerebral haemorrhagic stroke in 22
countries (the INTERSTROKE study): a case-control study. Lancet.
2010;376(9735):112-23.

Vasan RS, Larson MG, Leip EP, Evans JC, O’Donnell CJ, Kannel WB, et
al. Impact of High-Normal Blood Pressure on the Risk of Cardiovascular
Disease. N Engl J Med. 2001 Nov;345(18):1291-7.

Kannel WB, Dawber TR, Sorlie P, Wolf PA. Components of blood

pressure and risk of atherothrombotic brain infarction: the

188



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

185.

186.

187.

188.

189.

190.

191.

192.

Framingham study. Stroke. 7(4):327-31.

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, Prospective
Studies Collaboration. Age-specific relevance of usual blood pressure
to vascular mortality: a meta-analysis of individual data for one million
adults in 61 prospective studies. Lancet (London, England).
2002;360(9349):1903-13.

Hansson L, Zanchetti A, Carruthers SG, Dahl6f B, Elmfeldt D, Julius S, et
al. Effects of intensive blood-pressure lowering and low-dose aspirin in
patients with hypertension: principal results of the Hypertension
Optimal Treatment (HOT) randomised trial. HOT Study Group. Lancet
(London, England). 1998;351(9118):1755-62.

Sakhuja A, Textor SC, Taler SJ. Uncontrolled hypertension by the 2014
evidence-based guideline. J Hypertens. 2015;33(3):644-52.

Borghi C, Tubach F, De Backer G, Dallongeville J, Guallar E, Medina J, et
al. Lack of control of hypertension in primary cardiovascular disease
prevention in Europe: Results from the EURIKA study. Int J Cardiol.
2016;218:83-8.

Dave GJ, Bibeau DL, Schulz MR, Aronson RE, Ivanov LL, Black A, et al.
Predictors of uncontrolled hypertension in the Stroke Belt. J Clin
Hypertens (Greenwich). 2013;15(8):562-9.

Wang TJ, Vasan RS. Epidemiology of Uncontrolled Hypertension in the
United States. Circulation. 2005;112(11):1651-62.

Appel U, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM,
et al. A Clinical Trial of the Effects of Dietary Patterns on Blood
Pressure. N Engl J Med. 1997;336(16):1117-24.

Juraschek SP, Miller ER, Weaver CM, Appel L). Effects of Sodium
Reduction and the DASH Diet in Relation to Baseline Blood Pressure. J

Am Coll Cardiol. 2017;70(23):2841-8.

189



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

193.

194.

195.

196.

197.

198.

199.

200.

Effects of weight loss and sodium reduction intervention on blood
pressure and hypertension incidence in overweight people with high-
normal blood pressure. The Trials of Hypertension Prevention, phase
Il. The Trials of Hypertension Prevention Collaborativ. Arch Intern
Med. 1997;157(6):657—67.

He Q, Ding ZY, Fong DY, Karlberg J. Blood pressure is associated with
body mass index in both normal and obese children. Hypertens
(Dallas, Tex 1979). 2000;36(2):165-70.

Dimeo F, Pagonas N, Seibert F, Arndt R, Zidek W, Westhoff TH. Aerobic
Exercise Reduces Blood Pressure in Resistant Hypertension.
Hypertension. 2012;60(3):653-8.

Molmen-Hansen HE, Stolen T, Tjonna AE, Aamot IL, Ekeberg IS, Tyldum
GA, et al. Aerobic interval training reduces blood pressure and
improves myocardial function in hypertensive patients. Eur J Prev
Cardiol. 2012;19(2):151-60.

Dickerson JE, Hingorani AD, Ashby MJ, Palmer CR, Brown MJ.
Optimisation of antihypertensive treatment by crossover rotation of
four major classes. Lancet (London, England). 1999;353(9169):2008—
13.

Bays H, Zhu D, Schumacher H. Single-Pill Combination of Telmisartan
and Hydrochlorothiazide: Studies and Pooled Analyses of Earlier
Hypertension Treatment. High Blood Press Cardiovasc Prev.
2014;21(2):119-26.

Egan BM, Bandyopadhyay D, Shaftman SR, Wagner CS, Zhao Y, Yu-
Isenberg KS. Initial Monotherapy and Combination Therapy and
Hypertension Control the First Year. Hypertension. 2012;59(6):1124—
31.

National High Blood Pressure Education Program. The Seventh Report

190



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

201.

202.

203.

204.

205.

206.

207.

of the Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure. Natl Hear Lung, Blood Inst.
2004;

De Marco M, de Simone G, Roman MJ, Chinali M, Lee ET, Russell M, et
al. Cardiovascular and metabolic predictors of progression of
prehypertension into hypertension: the Strong Heart Study. Hypertens
(Dallas, Tex 1979). 2009;54(5):974-80.

Neal B, MacMahon S, Chapman N, Blood Pressure Lowering Treatment
Trialists’ Collaboration. Effects of ACE inhibitors, calcium antagonists,
and other blood-pressure-lowering drugs: results of prospectively
designed overviews of randomised trials. Blood Pressure Lowering
Treatment Trialists’ Collaboration. Lancet (London, England).
2000;356(9246):1955-64.

Williamson JD, Supiano MA, Applegate WB, Berlowitz DR, Campbell
RC, Chertow GM, et al. Intensive vs Standard Blood Pressure Control
and Cardiovascular Disease Outcomes in Adults Aged >75 Years. JAMA.
2016;315(24):2673.

Hansen ML, Gunn PW, Kaelber DC. Underdiagnosis of Hypertension in
Children and Adolescents. JAMA. 2007;298(8):874.

Lo JC, Sinaiko A, Chandra M, Daley MF, Greenspan LC, Parker ED, et al.
Prehypertension and Hypertension in Community-Based Pediatric
Practice. Pediatrics. 2013;131(2):e415-24.

Muntner P, He J, Cutler JA, Wildman RP, Whelton PK. Trends in blood
pressure among children and adolescents. JAMA. 2004;291(17):2107-
13.

SN Ravanbakht, JA Skelton, EM Perrin, SC Amstrong AS. Prevalence of
Obesity and Severe Obesity in US Children, 1999-2016. Pediatrics.
2018;142(3):e20181916.

191



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

208.

209.

210.

211.

212.

213.

214.

215.

216.

Lauer RM, Burns TL, Clarke WR, Mahoney LT. Childhood predictors of
future blood pressure. Hypertens (Dallas, Tex 1979). 1991;18(3
Suppl):174-81.

National High Blood Pressure Education Program Working Group on
High Blood Pressure in Children and Adolescents. The fourth report on
the diagnosis, evaluation, and treatment of high blood pressure in
children and adolescents. Pediatrics. 2004;114:555-76.

Theodore RF, Broadbent J, Nagin D, Ambler A, Hogan S, Ramrakha S, et
al. Childhood to Early-Midlife Systolic Blood Pressure Trajectories.
Hypertension. 2015;66(6):1108-15.

Chen X, Wang Y. Tracking of blood pressure from childhood to
adulthood: a systematic review and meta-regression analysis.
Circulation. 2008;117(25):3171-80.

Gilmer TP, O’Connor PJ, Sinaiko AR, Kharbanda EO, Magid DJ,
Sherwood NE, et al. Impact of hypertension on healthcare costs
among children. Am J Manag Care. 2014;20(8):622-8.

Xi B, Zhang T, Zhang M, Liu F, Zong X, Zhao M, et al. Trends in Elevated
Blood Pressure Among US Children and Adolescents: 1999-2012. Am J
Hypertens. 2016;29(2):217-25.

Yang Y, Dong B, Wang S, Dong Y, Zou Z, Fu L, et al. Prevalence of high
blood pressure subtypes and its associations with BMI in Chinese
children: a national cross-sectional survey. BMC Public Health.
2017;17(1):598.

Leyvraz M, Wahlen R, Bloetzer C, Paradis G, Bovet P, Chiolero A.
Persistence of elevated blood pressure during childhood and
adolescence. J Hypertens. 2018;36(6):1306-10.

Zhang Y, Wang Z, Zhao J, Chu Z. Profiles of blood pressure among

children and adolescents categorized by BMI and waist circumference.

192



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

217.

218.

219.

220.

221.

222.

223.

224.

Blood Press Monit. 2016;21(5):295-300.

Xu T, Zhu G, Liu J, Han S. Gender-specific prevalence and associated
risk factors of high normal blood pressure and hypertension among
multi-ethnic Chinese adolescents aged 8-18 years old. Blood Press.
2015;24(3):189-95.

Papandreou D, Rousso |, Makedou A, Arvanitidou M, Mavromichalis I.
Association of blood pressure, obesity and serum homocysteine levels
in healthy children. Acta Paediatr. 2007;96(12):1819-23.

McNiece KL, Poffenbarger TS, Turner JL, Franco KD, Sorof JM, Portman
RJ. Prevalence of hypertension and pre-hypertension among
adolescents. J Pediatr. 2007;150(6):640-4, 644.el.

Farpour-Lambert NJ, Aggoun Y, Marchand LM, Martin XE, Herrmann
FR, Beghetti M. Physical Activity Reduces Systemic Blood Pressure and
Improves Early Markers of Atherosclerosis in Pre-Pubertal Obese
Children. J Am Coll Cardiol. 2009;54(25):2396-406.

Urbina E, Alpert B, Flynn J, Hayman L, Harshfield GA, Jacobson M, et al.
Ambulatory Blood Pressure Monitoring in Children and Adolescents:
Recommendations for Standard Assessment.  Hypertension.
2008;52(3):433-51.

Shen M, Tan H, Zhou S, Retnakaran R, Smith GN, Davidge ST, et al.
Serum Folate Shows an Inverse Association with Blood Pressure in a
Cohort of Chinese Women of Childbearing Age: A Cross-Sectional
Study. Luo Z-C, editor. PLoS One. 2016;11(5):e0155801.

Xun P, Liu K, Loria CM, Bujnowski D, Shikany JM, Schreiner PJ, et al.
Folate intake and incidence of hypertension among American young
adults: a 20-y follow-up study. Am J Clin Nutr. 2012;95(5):1023-30.
Lonn E, Yusuf S, Arnold MJ, Sheridan P, Pogue J, Micks M, et al.

Homocysteine Lowering with Folic Acid and B Vitamins in Vascular

193



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

225.

226.

227.

228.

229.

230.

231.

232.

Disease. N Engl J Med. 2006;354(15):1567-77.

Wald DS, Law M, Morris JK. Homocysteine and cardiovascular disease:
evidence on causality  from a meta-analysis. BM.
2002;325(7374):1202.

Lim U, Cassano PA. Homocysteine and blood pressure in the Third
National Health and Nutrition Examination Survey, 1988-1994. Am J
Epidemiol. 2002;156(12):1105-13.

Sundstrom J, Sullivan L, D’Agostino RB, Jacques PF, Selhub J,
Rosenberg IH, et al. Plasma homocysteine, hypertension incidence,
and blood pressure tracking: the Framingham Heart Study.
Hypertension. 2003;42(6):1100-5.

Fakhrzadeh H, Ghotbi S, Pourebrahim R, Heshmat R, Nouri M, Shafaee
A, et al. Plasma homocysteine concentration and blood pressure in
healthy Iranian adults: the Tehran Homocysteine Survey (2003-2004).
J Hum Hypertens. 2005;19(11):869-76.

Sutton-Tyrrell K, Bostom A, Selhub J, Zeigler-Johnson C. High
homocysteine levels are independently related to isolated systolic
hypertension in older adults. Circulation. 1997;96(6):1745-9.

de Bree A, Verschuren WM, Blom HJ. Biological cardiovascular risk
factors and plasma homocysteine levels in the general Dutch
population. Atherosclerosis. 2001;154(2):513-4.

Wang G, Hu FB, Mistry KB, Zhang C, Ren F, Huo Y, et al. Association
Between Maternal Prepregnancy Body Mass Index and Plasma Folate
Concentrations With Child Metabolic Health. JAMA Pediatr.
2016;170(8):e160845.

Papandreou D, Malindretos P, Arvanitidou M, Makedou A, Rousso .
Homocysteine lowering with folic acid supplements in children: Effects

on blood pressure. Int J Food Sci Nutr. 2010;61(1):11-7.

194



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

233.

234.

235.

236.

237.

238.

239.

de Moraes ACF, Gracia-Marco L, Iglesia |, Gonzdlez-Gross M,
Breidenassel C, Ferrari M, et al. Vitamins and iron blood biomarkers
are associated with blood pressure levels in European adolescents.
The HELENA study. Nutrition. 2014;30(11-12):1294-300.

Inamoto N, Katsuya T, Kokubo Y, Mannami T, Asai T, Baba S, et al.
Association  of  methylenetetrahydrofolate  reductase  gene
polymorphism with carotid atherosclerosis depending on smoking
status in a Japanese general population. Stroke. 2003;34(7):1628-33.
Heux S, Morin F, a. Lea R, Ovcaric M, Tajouri L, R. Griffiths L. The
Methylentetrahydrofolate Reductase Gene Variant (C677T) as a Risk
Factor for Essential Hypertension in Caucasians. Hypertens Res.
2004;27(9):663-7.

Huang T, Tucker KL, Lee Y-C, Crott JW, Parnell LD, Shen J, et al.
Methylenetetrahydrofolate Reductase Variants Associated with
Hypertension and Cardiovascular Disease Interact with Dietary
Polyunsaturated Fatty Acids to Modulate Plasma Homocysteine in
Puerto Rican Adults. J Nutr. 2011;141(4):654-9.

Pérez-Razo JC, Cano-Martinez LJ, Vargas Alarcéon G, Canizales-
Quinteros S, Martinez-Rodriguez N, Canto P, et al. Functional
Polymorphism rs13306560 of the MTHFR Gene Is Associated With
Essential Hypertension in a Mexican-Mestizo Population. Circ
Cardiovasc Genet. 2015;8(4):603-9.

Cheng J, Tao F, Liu Y, Venners SA, Hsu Y-H, Jiang S, et al. Associations
of methylenetetrahydrofolate reductase C677T genotype with blood
pressure levels in Chinese population with essential hypertension. Clin
Exp Hypertens. 2018;40(3):207-12.

Heifetz EM, Birk RZ. MTHFR C677T Polymorphism Affects

Normotensive Diastolic Blood Pressure Independently of Blood Lipids.

195



UNIVERSITAT ROVIRA I VIRGILI

A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

Bibliography

Am J Hypertens. 2014;1-6.

240. Niu W-Q, You Y-G, Qi Y. Strong association of
methylenetetrahydrofolate reductase gene C677T polymorphism with
hypertension and hypertension-in-pregnancy in Chinese: a meta-
analysis. J Hum Hypertens. 2012;26(4):259-67.

241. Yang K-M, lJia J, Mao L-N, Men C, Tang K-T, Li Y-Y, et al.
Methylenetetrahydrofolate reductase C677T gene polymorphism and
essential hypertension: A meta-analysis of 10,415 subjects. Biomed
reports. 2014;2(5):699-708.

242. Fowdar Y, Lason MV, Szvetko AL, Lea R a, Griffiths LR. Investigation of
homocysteine-pathway-related variants in essential hypertension. Int J
Hypertens. 2012;2012:190923.

243. Amrani-Midoun A, Kiando SR, Treard C, Jeunemaitre X, Bouatia-Naji N.
The relationship between MTHFR C677T gene polymorphism and
essential hypertension in a sample of an Algerian population of Oran
city. Int J Cardiol. 2016;225:408-11.

244, Lucas A. Programming by early nutrition in man. Ciba Found Symp.
1991,;156:38-50; discussion 50-5.

245. Barker DJ. Fetal origins of coronary heart disease. BMJ.
1995;311(6998):171-4.

246. Yajnik CS, Deshmukh US. Fetal programming: Maternal nutrition and
role of one-carbon metabolism. Rev Endocr Metab Disord.
2012;13(2):121-7.

247. Hales CN, Barker DJ. Type 2 (non-insulin-dependent) diabetes mellitus:
the thrifty phenotype hypothesis. Diabetologia. 1992;35(7):595-601.

248. Barker DJ, Gluckman PD, Godfrey KM, Harding JE, Owens JA, Robinson
JS. Fetal nutrition and cardiovascular disease in adult life. Lancet

(London, England). 1993;341(8850):938-41.

196



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

249.

250.

251.

252.

253.

254,

255.

256.

257.

258.

Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds SJ. Weight in
infancy and death from ischaemic heart disease. Lancet (London,
England). 1989;2(8663):577-80.

Risnes KR, Vatten LJ, Baker JL, Jameson K, Sovio U, Kajantie E, et al.
Birthweight and mortality in adulthood: a systematic review and meta-
analysis. Int J Epidemiol. 2011;40(3):647-61.

Fall CHD, Yajnik CS, Rao S CK. The effects of maternal body
composition before pregnancy on fetal growth; The Pune Maternal
Nutrition Study. In: Shaughn O’Brien P, Wheeler T, Barker D, editors.
Fetal programming influences on development and disease in later
life, chapter 21. London: RCOG; 1999. p. 231-45.

Gluckman PD, Hanson MA, Cooper C, Thornburg KL. Effect of In Utero
and Early-Life Conditions on Adult Health and Disease. N Engl J Med.
2008;359(1):61-73.

Roseboom TJ, van der Meulen JH, Osmond C, Barker DJ, Ravelli AC,
Schroeder-Tanka JM, et al. Coronary heart disease after prenatal
exposure to the Dutch famine, 1944-45. Heart. 2000;84(6):595-8.

LiY, He Y, Qi L, Jaddoe VW, Feskens EJM, Yang X, et al. Exposure to the
Chinese Famine in Early Life and the Risk of Hyperglycemia and Type 2
Diabetes in Adulthood. Diabetes. 2010;59(10):2400-6.

Stearns S. The evolutionary significance of phenotypic plasticity.
Bioscience. 1989;39:436-45.

West-Eberhard M. Developmental Plasticity and Evolution. Oxford
Univ Press. 2003;

Van Speybroeck L. From epigenesis to epigenetics: the case of C. H.
Waddington. Ann N Y Acad Sci. 2002;981:61-81.

Zeisel SH. Epigenetic mechanisms for nutrition determinants of later

health outcomes. Am J Clin Nutr. 2009;89(5):14885-1493S.

197



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

259.

260.

261.

262.

263.

264.

265.

266.

Rao S, Yajnik CS, Kanade A, Fall CHD, Margetts BM, Jackson AA, et al.
Intake of Micronutrient-Rich Foods in Rural Indian Mothers Is
Associated with the Size of Their Babies at Birth: Pune Maternal
Nutrition Study. J Nutr. 2001;131(4):1217-24.

Yajnik CS, Deshpande SS, Jackson AA, Refsum H, Rao S, Fisher DJ, et al.
Vitamin B12 and folate concentrations during pregnancy and insulin
resistance in the offspring: the Pune Maternal Nutrition Study.
Diabetologia. 2008;51(1):29-38.

Yajnik CS, Chandak GR, Joglekar C, Katre P, Bhat DS, Singh SN, et al.
Maternal homocysteine in pregnancy and offspring birthweight:
epidemiological associations and Mendelian randomization analysis.
Int J Epidemiol. 2014;43(5):1487-97.

Sinclair KD, Allegrucci C, Singh R, Gardner DS, Sebastian S, Bispham J,
et al. DNA methylation, insulin resistance, and blood pressure in
offspring determined by maternal periconceptional B vitamin and
methionine status. Proc Natl Acad Sci. 2007;104(49):19351-6.

Barker DJ, Fall CH. Fetal and infant origins of cardiovascular disease.
Arch Dis Child. 1993;68(6):797-9.

Vaidya A, Saville N, Shrestha BP, de L Costello AM, Manandhar DS,
Osrin D. Effects of antenatal multiple micronutrient supplementation
on children’s weight and size at 2 years of age in Nepal: follow-up of a
double-blind randomised controlled trial. Lancet.
2008;371(9611):492-9.

Stewart CP, Christian P, Schulze KJ, LeClerqg SC, West KP, Khatry SK.
Antenatal Micronutrient Supplementation Reduces Metabolic
Syndrome in 6- to 8-Year-Old Children in Rural Nepal. J Nutr.
2009;139(8):1575-81.

van den Hil LCL, Rob Taal H, de Jonge LL, Heppe DHM, Steegers EAP,

198



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

267.

268.

269.

270.

271.

272.

273.

Hofman A, et al. Maternal first-trimester dietary intake and childhood
blood pressure: the Generation R Study. Br J Nutr. 2013;110(08):1454—
64.

Wang H, Mueller NT, Li J, Sun N, Huo Y, Ren F, et al. Association of
Maternal Plasma Folate and Cardiometabolic Risk Factors in Pregnancy
with Elevated Blood Pressure of Offspring in Childhood. Am
Hypertens. 2017;30(5):532-40.

Spieker LE, Noll G, Ruschitzka FT, Maier W, Lischer TF. Working under
pressure: the vascular endothelium in arterial hypertension. J Hum
Hypertens. 2000;14(10-11):617-30.

Panza JA, Casino PR, Kilcoyne CM, Quyyumi AA. Role of endothelium-
derived nitric oxide in the abnormal endothelium-dependent vascular
relaxation of patients with essential hypertension. Circulation.
1993;87(5):1468-74.

Stroes ES, van Faassen EE, Yo M, Martasek P, Boer P, Govers R, et al.
Folic acid reverts dysfunction of endothelial nitric oxide synthase. Circ
Res. 2000;86(11):1129-34.

Antoniades C, Shirodaria C, Warrick N, Cai S, de Bono J, Lee J, et al. 5-
Methyltetrahydrofolate Rapidly Improves Endothelial Function and
Decreases Superoxide Production in Human Vessels. Circulation.
2006;114(11):1193-201.

McRae MP. High-dose folic acid supplementation effects on
endothelial function and blood pressure in hypertensive patients: a
meta-analysis of randomized controlled clinical trials. J Chiropr Med.
2009;8(1):15-24.

Tawakol A, Omland T, Gerhard M, Wu JT, Creager MA.
Hyperhomocyst(e)inemia is associated with impaired endothelium-

dependent vasodilation in humans. Circulation. 1997;95(5):1119-21.

199



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

Steed MM, Tyagi SC. Mechanisms of cardiovascular remodeling in
hyperhomocysteinemia. Antioxid Redox Signal. 2011;15(7):1927-43.
Tsai JC, Perrella MA, Yoshizumi M, Hsieh CM, Haber E, Schlegel R, et al.
Promotion of vascular smooth muscle cell growth by homocysteine: a
link to atherosclerosis. Proc Natl Acad Sci U S A. 1994;91(14):6369-73.
Gryglewski RJ, Palmer RM, Moncada S. Superoxide anion is involved in
the breakdown of endothelium-derived vascular relaxing factor.
Nature. 1986;320(6061):454—6.

Van Guldener C, Stehouwer CDA. Hyperhomocysteinemia, Vascular
Pathology, and Endothelial Dysfunction. Semin Thromb Hemost.
2000;Volume 26(Number 03):281-90.

Ulker S, McKeown PP, Bayraktutan U. Vitamins reverse endothelial
dysfunction through regulation of eNOS and NAD(P)H oxidase
activities. Hypertens (Dallas, Tex 1979). 2003;41(3):534-9.

Robertson KD, Wolffe AP. DNA methylation in health and disease. Nat
Rev Genet. 2000;1(1):11-9.

Friso S, Choi S-W, Girelli D, Mason JB, Dolnikowski GG, Bagley PJ, et al.
A common mutation in the 5,10-methylenetetrahydrofolate reductase
gene affects genomic DNA methylation through an interaction with
folate status. Proc Natl Acad Sci U S A. 2002;99(8):5606—11.

Richard MA, Huan T, Ligthart S, Gondalia R, Jhun MA, Brody JA, et al.
DNA Methylation Analysis Identifies Loci for Blood Pressure
Regulation. Am J Hum Genet. 2017;101(6):888-902.

Newton-Cheh C, Johnson T, Gateva V, Tobin MD, Bochud M, Coin L, et
al. Genome-wide association study identifies eight loci associated with
blood pressure. Nat Genet. 2009;41(6):666—76.

Levy D, Ehret GB, Rice K, Verwoert GC, Launer LJ, Dehghan A, et al.

Genome-wide association study of blood pressure and hypertension.

200



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

284.

285.

286.

287.

288.

289.

290.

291.

Nat Genet. 2009;41(6):677-87.

Spanish Ministry of Health Consumer Affairs and Social Welfare.
“Clasificacion  Internacional de Enfermedades, 9a Revision,
Modificacion Clinica” (CIE-9-MC).

Stabler SP, Allen RH, Savage DG, Lindenbaum J. Clinical spectrum and
diagnosis of cobalamin deficiency. Blood. 1990;76(5):871-81.
Generalitat de Catalunya. Departament de Salut. Protocol de
seguiment de I'embaras a Catalunya. Dir Gen Salut Publica Barcelona.
2005;169-74.

de Onis M, Onyango AW, Van den Broeck J, Chumlea WC, Martorell R.
Measurement and standardization protocols for anthropometry used
in the construction of a new international growth reference. Food
Nutr Bull. 2004;25(1 Suppl):527-36.

Ueland PM, Midttun O, Windelberg A, Svardal A, Skalevik R, Hustad S.
Quantitative profiling of folate and one-carbon metabolism in large-
scale epidemiological studies by mass spectrometry. Clin Chem Lab
Med. 2007;45(12):1737—45.

de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children
and adolescents. Bull World Health Organ. 2007;85(9):660-7.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard
definition for child overweight and obesity worldwide: international
survey. BMJ. 2000;320(7244):1240-3.

Selhub J, Jacques PF, Rosenberg IH, Rogers G, Bowman BA, Gunter EW,
et al. Serum total homocysteine concentrations in the third National
Health and Nutrition Examination Survey (1991-1994): population
reference ranges and contribution of vitamin status to high serum

concentrations. Ann Intern Med. 1999;131(5):331-9.

201



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

292.

293.

294.

295.

296.

297.

298.

299.

Nygard O, Refsum H, Ueland PM, Vollset SE. Major lifestyle
determinants of plasma total homocysteine distribution: the
Hordaland Homocysteine Study. Am J Clin Nutr. 1998;67(2):263-70.
Russo GT, Friso S, Jacques PF, Rogers G, Cucinotta D, Wilson PWF, et
al. Age and Gender Affect the Relation between
Methylenetetrahydrofolate Reductase C677T Genotype and Fasting
Plasma Homocysteine Concentrations in the Framingham Offspring
Study Cohort. J Nutr. 2003;133(11):3416-21.

Virdis A, Giannarelli C, Neves MF, Taddei S, Ghiadoni L. Cigarette
smoking and hypertension. Curr Pharm Des. 2010;16(23):2518-25.
Barua RS, Ambrose JA, Eales-Reynolds LJ, DeVoe MC, Zervas JG, Saha
DC. Dysfunctional endothelial nitric oxide biosynthesis in healthy
smokers with impaired endothelium-dependent vasodilatation.
Circulation. 2001;104(16):1905-10.

Vollset SE, Refsum H, Tverdal A, Nygard O, Nordrehaug JE, Tell GS, et
al. Plasma total homocysteine and cardiovascular and
noncardiovascular mortality: the Hordaland Homocysteine Study. Am J
Clin Nutr. 2001;74(1):130-6.

Colon Lopez V, Haan MN, Aiello AE, Ghosh D. Fasting total
homocysteine (tHcy) concentration and mortality in older Mexican
Americans. J Nutr Health Aging. 2008;12(10):685-9.

Shi Z, Guan Y, Huo YR, Liu S, Zhang M, Lu H, et al. Elevated Total
Homocysteine Levels in Acute Ischemic Stroke Are Associated With
Long-Term Mortality. Stroke. 2015;46(9):2419-25.

Xu B, Kong X, Xu R, Song Y, Liu L, Zhou Z, et al. Homocysteine and all-
cause mortality in hypertensive adults without pre-existing
cardiovascular conditions. Medicine (Baltimore). 2017

Feb;96(8):e5862.

202



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

300.

301.

302.

303.

304.

305.

306.

Rodriguez-Esparragén F, Hernandez-Perera O, Rodriguez-Pérez JC,
Anabitarte A, Diaz-Cremades JM, Losada A, et al. The effect of
methylenetetrahydrofolate reductase C677T common variant on
hypertensive risk is not solely explained by increased plasma
homocysteine values. Clin Exp Hypertens. 2003;25(4):209-20.

Institut d’Estadistica de Catalunya. Taxa de fecunditat. Per grups
d’edat [Internet]. Available from:
http://www.idescat.cat/pub/?id=aec&n=288

Institut d’Estadistica de Catalunya. Consum de tabac. Prevalenca. Per
sexe i grups d’edat [Internet]. Available from:
https://www.idescat.cat/pub/?id=aec&n=820

Kim KN, Kim YJ, Chang N. Effects of the interaction between the C677T
5,10-methylenetetrahydrofolate reductase polymorphism and serum
B vitamins on homocysteine levels in pregnant women. Eur J Clin Nutr.
2004;58(1):10-6.

Parle-McDermott A, Mills JL, Molloy AM, Carroll N, Kirke PN, Cox C, et
al. The MTHFR 1298CC and 677TT genotypes have opposite
associations with red cell folate levels. Mol Genet Metab.
2006;88(3):290-4.

Barbosa PR, Stabler SP, Machado ALK, Braga RC, Hirata RDC, Hirata
MH, et al. Association between decreased vitamin levels and MTHFR,
MTR and MTRR gene polymorphisms as determinants for elevated
total homocysteine concentrations in pregnant women. Eur J Clin
Nutr. 2008;62(8):1010-21.

Holmes VA, Wallace JMW, Alexander HD, Gilmore WS, Bradbury |,
Ward M, et al. Homocysteine is lower in the third trimester of
pregnancy in women with enhanced folate status from continued folic

acid supplementation. Clin Chem. 2005;51(3):629-34.

203



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

307.

308.

309.

310.

311.

312.

313.

314.

Morales-Suarez-Varela M, Rubio-Lépez N, Ruso C, Llopis-Gonzalez A,
Ruiz-Rojo E, Redondo M, et al. Anthropometric Status and Nutritional
Intake in Children (6—9 Years) in Valencia (Spain): The ANIVA Study. Int
J Environ Res Public Health. 2015;12(12):16082-95.

Fryar CD, Gu Q, Ogden CL, Flegal KM. Anthropometric Reference Data
for Children and Adults: United States, 2011-2014. Vital Health Stat 3.
2016;(39):1-46.

Barba G, Buck C, Bammann K, Hadjigeorgiou C, Hebestreit A, Marild S,
et al. Blood pressure reference values for European non-overweight
school children: The IDEFICS study. Int J Obes. 2014;38(52):548-56.

Xi B, Shen Y, Zhao X, Chandak GR, Cheng H, Hou D, et al. Association of
common variants in/near six genes (ATP2B1, CSK, MTHFR, CYP17A1,
STK39 and FGF5) with blood pressure/hypertension risk in Chinese
children. J Hum Hypertens. 2014;28(1):32-6.

Lurbe E, Agabiti-Rosei E, Cruickshank JK, Dominiczak A, Erdine S, Hirth
A, et al. 2016 European Society of Hypertension guidelines for the
management of high blood pressure in children and adolescents. )
Hypertens. 2016;34(10):1887-920.

Papandreou D, Stamou M, Malindretos P, Rousso |, Mavromichalis I.
Prevalence of Hypertension and Association of Dietary Mineral Intake
with Blood Pressure in Healthy Schoolchildren from Northern Greece
Aged 7-15 Years. Ann Nutr Metab. 2007;51(5):471-6.

Menghetti E, Strisciuglio P, Spagnolo A, Carletti M, Paciotti G, Muzzi G,
et al. Hypertension and obesity in Italian school children: The role of
diet, lifestyle and family history. Nutr Metab Cardiovasc Dis.
2015;25(6):602—7.

Larkins NG, Teixeira-Pinto A, Craig JC. The prevalence and predictors of

hypertension in a National Survey of Australian Children. Blood Press.

204



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.

Gemma Ornosa Martin

Bibliography

315.

316.

317.

318.

319.

320.

321.

322.

2018;27(1):41-7.

Zhao Y, Wang L, Xue H, Wang H, Wang Y. Fast food consumption and
its associations with obesity and hypertension among children: results
from the baseline data of the Childhood Obesity Study in China Mega-
cities. BMC Public Health. 2017;17(1):933.

Gellermann J, Kraft S, Ehrich JH. Twenty-four-hour ambulatory blood
pressure monitoring in young children. Pediatr Nephrol.
1997;11(6):707-10.

Yip GWK, Li AM, So H-K, Choi KC, Leung LCK, Fong N-C, et al.
Oscillometric 24-h ambulatory blood pressure reference values in
Hong Kong Chinese children and adolescents. J Hypertens.
2014;32(3):606-19.

Gutiérrez Hervas Al, Rizo Baeza MM, Martinez Amords N, Cortés
Castell E. [Systolic pressure, abdominal obesity and body fat,
metabolic syndrome predictors in Spanish preschoolers]. Nutr Hosp.
2015;31(5):2109-14.

Ostchega Y, Hughes JP, Nwankwo T, Zhang G. Mean mid-arm
circumference and blood pressure cuff sizes for US children,
adolescents and adults. Blood Press Monit. 2018;23(6):1.

Monsen A-LB, Refsum H, Markestad T, Ueland PM. Cobalamin status
and its biochemical markers methylmalonic acid and homocysteine in
different age groups from 4 days to 19 vyears. Clin Chem.
2003;49(12):2067-75.

Papandreou D, Mavromichalis |, Makedou A, Rousso |, Arvanitidou M.
Total serum homocysteine, folate and vitamin B12 in a Greek school
age population. Clin Nutr. 2006;25(5):797-802.

Wang H, Xu BP, Xu RB, Walker SO, Wang G. Joint effect of maternal

plasma homocysteine and prepregnancy obesity on child blood

205



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

Bibliography

pressure: a prospective birth cohort study. Int J Obes.

2017;41(9):1447-53.

206



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

SCIENTIFIC AND ACADEMIC
I

CONTRIBUTIONS AND
OTHER MERITS



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

Scientific and academic contributions and other merits

Articles

Sent 14/08/2019.

G Ornosa-Martin, JD Fernandez-Ballart, S Ceruelo, L Rios, PM Ueland, K
Meyer, MM Murphy. Homocysteine, the MTHFR 677C>T polymorphism and
hypertension: effect modifiers by lifestyle factors and population subgroups.

British Journal of Nutrition.

Submission Confirmation S
Thank you for your submission

Submitted to
British Joumnal of Nutrition

Manuscript 1D
BJM-RA-19-0809

Title

Homocysteine, the MTHFR 677C=T polymaorphism and hypertension: effect modifiers by lifestyle factors and
population subgroups
Authors
Omosa-Martin, Gemma
Femandez-Ballart, Joan
Ceruelo, Santiago

Rios, Lidia

Ueland, Per

Meyer, Klaus

Murphy, Michelle

Date Submitted
14-Aug-2019

Solé-Navais P; Salat-Batlle J; Cavallé-Busquets P; Fernandez-Ballart J; Ueland
PM; Ballesteros M; Ornosa-Martin G; Inglés-Puig M; Colomina JM; Murphy
MM. Early pregnancy folate-cobalamin interactions and their effects on
cobalamin status and hematologic variables throughout pregnancy. Am J Clin
Nutr. 2018; 107 (2): 173-182. doi: 10.1093/ajcn/ngx041. DOI:
10.1093/ajcn/ngx041. PMID: 29529156

209



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

Scientific and academic contributions and other merits

International conference contributions

Conference: 10th International conference One Carbon Metabolism and
Homocysteine. Nancy (France), 2015.

Authors: Ornosa G; Fernandez-Ballart JD; Ceruelo S; Rios L; Murphy MM.
Title: Associations between homocysteine, the MTHFR 677C>T polymorphism
and hypertension in adults.

Format: Oral communication.

Conference: 10th International conference One Carbon Metabolism and
Homocysteine. Nancy (France), 2015.

Authors: Colomina JM; Cavallé-Busquets P; Fernandez-Roig S; Solé-Navais P;
Fernandez-Ballart JD; Ballesteros M; Ornosa G; Ueland PM; Meyer K; Murphy
MM.

Title: Effects of the BHMT c.716G>A polymorphism on the betaine
dimethylglycine pathway during pregnancy.

Format: Oral communication.

Conference: 10th International conference One Carbon Metabolism and
Homocysteine. Nancy (France), 2015.

Authors: Solé-Navais P; Ornosa G; Fernandez-Ballart JD; Cavallé-Busquets P;
Ballesteros M; Colomina JM; Ueland PM; Murphy MM.

Title: Early pregnancy cobalamin status on anthropometry and adiposity in
the offspring at 7.5 years (Reus-Tarragona Birth Cohort).

Format: Poster.

Conference: 11th International Conference on Homocysteine & One-Carbon

Metabolism. Aarhus (Denmark), 2017.

210



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

Scientific and academic contributions and other merits

Authors: Ornosa-Martin G; Solé-Navais P; Cavallé-Busquets P; Fernandez-
Ballart JD; Haro-Barceld J; Ballesteros M; Ueland PM; Meyer K; Murphy MM.
Title: Early pregnancy folate and cobalamin status and overweight and
obesity in children at 7.5 years.

Format: Poster.

Teaching and academic activities

Medicine Grade in the Faculty of Medicine and Health Sciences of
Universitat Rovira i Virgili (approximately 60 hours/ year; 2014-2017)

- Research and Documentation Bases (70%)

- General Epidemiology (30%)

Other contributions

- Active role in the fieldwork of the pregnancy and follow-up phases of the

Reus-Tarragona Birth Cohort.

Involvement in scientific projects

Title: Links between in utero one carbon metabolism and development and
health in the offspring at 7.5-8 years. Principal Investigator: Michelle
Murphy. Duration: 3 years. REF: P113/02500. Funding source: Instituto de
Salud Carlos Ill/ Fondo FEDER.

211



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin



UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

APPENDICES
I




UNIVERSITAT ROVIRA I VIRGILI
A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN

ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin



UNIVERSITAT ROVIRA I VIRGILI

A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

Appendices

12 setmanes

Estudi NUTCIR 1

Nom.....c........

QUESTIONARI DE FREQUENCIA DE CONSUM ALIMENTARI 1

INSTRUCCIONS PER OMPLIR-LO
Procuri contestar tranquil-lament aquest qliestionari. Prengui el temps que consideri necessari.
Aquesl gliestionari li pregunia la [reqiiéncia amb la que vosié consumia de lorma habitual determinals

alimenls abans d’estat embarassada.

La freqliéncia de consum $ha d’especificar als requadres de la dreta del llistat d'aliments d’aquest
qliestionari. Per a cada aliment del llistat ha d*apuntar ¢l nimero de vegades que ¢l consumeix.

s Siel consumeix tots els dies de la setmana. posi un 7 en la columna A LA SETMANA.

e Siel consumeix alguna vegada a la setmana, posi les vegades: 1-2-3-4-5 0 6 en la columna A

LA SETMANA.

Pensi sempre en sumar el consum de totes les menjades del dia (esmorzar, dinar, berenar,
sopar, altres..). Per exemple, si pren tots els dies llet per esmorzar 1 alguna vegada a la setmana
per sopar: 7 +4 = 11 vegades a la setmana.

¢ Siconsumeix I’aliment alguna vegada al mes, posi les vegades: 1-2-3 cte... en la columna: AL
MES

s Sino el consumeix mai o gairebé mai. deixi la casella en blanc, sense posar res.

Exemple: Una dorna esmorza habitualment un got de llet (7 vegades) amb magdalenes(7 vegades), i
per sopar a vegades pren Het (dvegades) i a vegades pren iogurt (3 vegades) de posires. A més, pren
peix algunes vegades a la setmana per dinar (2 vegades) i alires vegades per sopar (4 vegades). El
Hegums en consumeix afguna vegada al mes ( aproximadament 4 vegades} . Si no menja mai un

aliment deixeu en blanc, sense coniestar res.

Aquest consum ['apuntaria de la segiient manera:

LLISTAT D’ALIMENTS QUANTES VEGADES MENJA...?
A LA SETMANA AL MES

Llet 11

logurt 3

Coc rapid, magdalenes.. 7

Peix 6

Liegum 4
Formatge de régim
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LLISTAT D’ALIMENTS

Xocolata: tauleta, bombons, “Kit-Kat” “Mars”... ]
Galetes tipus “maria” |
Magdalenes, coc rapid,... |

Amanida: Enciam, tomaquet, escarola...

Verdures de guarnicié: alberginia, carbassé,
Xampinyons...

Llegums: llenties, cigrons, fesols ...

Pasta: fideus, macarrons, espaguetis...

Vedella, porc, corder (bistec, empanada... |

Peix blanc: llug, mero... I
Marise: musclos ostins, pop, calamars... | | ]

Pa (en entrepans, a les menjades...)

Pernil salat, dole, embotits

Formatges: curats o semicurats, Cremosos
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Fruites citriques: Taronja, mandarina

Fruies en conserva (en amivar..) | |
Sucs de fruita comercial I R

Postres lactics: natilles, flam, maté I
Bosses d’apetitius (“chips”, “cheetos”, “fritos”... _—

Gelats

udes ensucrades (“coca-cola”, “Fanta”...

Vi, sangria [
Cervesa sense alcohol I A

Indigui amb una X la resposta que vosté vulgui assenyalar:
1.- A taula, s'afegeix sal a les menjades?
Mai__ / Alguna vegada__ / Freqiientment __/ Gairebé sempre
2.- Com definirieu la vostra gana? Molta _ Forca _ Normal _ Poca _ Gens__
3.- Quin tipus de llet prens habitualment?: Sencera  Semidescremada  Descremada

4 .- Quin tipus de iogurt prens habitualment?

a) Natural b) Natural descremat

¢) De sabors d) De sabors descremat

e) Amb trossets de fruita f) Amb trossets de fruites descremat
5.- Quin tipus de pa prens habitualment?: Blanc Integral

6.- Et poses tomaquet 1 oli en cls entrepans?: Sempre Habitualment  Alguna vegada  Gaircbhé mai
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Nom:

Data:

ENQUESTA 1 SOBRE HABITS I ESTIL DE VIDA
(referida c la primera meitat de I'embards)

20 setmanas

ANOTT LES RESPOSTES EN ELS ESPAIS CORRESPONENTS A CADA PREGUNTA.
Aguestes dades serviran a la Universitat Rovira i Virgili per fer un estudi comparatiu entre diferents
poblacions. En els resultats mai apareixerd el seu nom.

US DE SUPLEMENTS DE VITAMINES / MINERALS

Per diferents motius, els suplements de vitamines i minerals recomanats no es prenen sempre: per
oblit, per sentiment de que no sén necessaris, per no trebar-se bé, perqué donen molésties, etc. Si us
plau, contesti sincerament aquestes preguntes per ajudar-nos a valorar la realitat de [I'is dels

suplements.

¢ Ha pres per iniciativa prdpia o receptat per un metge algun tipus de suplement vitaminic / mineral?

Mai n'he pres O Si n'he pres O

En el cas que si, escrigui el nom del preparat i indiqui les vegades a la setmana que he ha pres marcant
el quadrat. Marqui el quadrat corresponent als mesos que he ha pres.

Exemple, una dona que ha pres cada dia FOLIDOCE durant els primers 3 mesos, escriuria...

Nom del preparat

{Quantes vegades a la setmana?

Mesos de 'embaras

i 1 2 3 4 5

ACID FOLIC i m Cadadia im = & o o

O Lamajeria dels dies (4-6 vegades) O m] ] O m}

Quin? : FOLIDOCE O  Alguns dies (1-3 vegades) o o o o 0O

Nom del preparat

Quantes vegades a la setmana?

Mesos de 'embards

1 203 45
ACID FOLIC i O Cadadia io O o O O
I O Lamajoria dels dies (4-6 vegades) I o o o o oOd
Quin?: { O Algans dies (1-3 vegades) {0 O O O O
FERRO O  Cada dia O o o o o
O Lamajoriadelsdies(4-6vegades) i O O O 0O 0O
Quin?: O  Alguns dies (1-3 vegades) o O 0 o o
MULTI-VITAMINES O  Cada dia o o o o o
O Lamajoriadelsdies(4-6vegades) i O O O O O
Quin?: i O Alguns dies (1-3 vegades) i0 0O O O O
¢ Vaprendre dcid félic en els 3 mesos abans de quedar-se embarassada?  Si O Ne O
* Vaprendre ferro en els 3 mesos abans de quedar-se embarassada? s No OO
ESMORZAR (durant I'embaras)
Si No
Té el costum d'esmorzar? o O
Esmorza cereals inflats habitualment (p.ex. tipus Kelloggs / Nestlé etc) ? 0 o
Pren café amb cafeina? o O
Pren café descafeinat 2 o o
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Nom: Data:

TABAC

» Es fumadora passiva (exposada al fum de tabac habitualment a casa o a la feina)?  &i O No O
¢ Es fumadora activa? sSi0  NeDO

Només per fumadores en els dltims 5 anys
| 0 cigs/dia i 1-5 cigs/dia i 6-10 cigs/dia i> 10 cigs/dia

Actualment fume 0 [} : [m} [m}
lfumava\dur‘unf els 12 mesos abans de o o o o
I'embaras i H H
No i Abans dels 3 i Entreels 3 i Després dels 6
mesos els 6 mesos mesos
He deixat de fumar durant I'embaras o i ] m} [m}
ALCOHOL
Mai / i < 3copes/ { Cada dia com aperitiu ! > 7 copes /
ocasionalment : setmana :  ifo amb els apats  : setmana
Actualment bec aleohol [m} m] [m} O
En zls\12 mesos abans de O O O O
Iembaras i i H
No Abans dels 3 mesos nmecsdies; Després dels 6 mesos
: : 6 mesos
He deixat de ‘beure alcohol o o o o
durant I'embaras H : :

PES, TALLA, EDAT, ORIGEN I PARTICIPACIO EN ESTUDIS

Abans de I'embards : Ultima vegada que es va pesar abans de realitzar I'entrevista (data; $6)

Pes: . Kg K9 ( /7 / : s6)
Talla: . m Origen pares:
Data de haixement: Origen avis:

Participacié en altres estudis:
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Nom: Data:

SUBSTANCIES TOXIQUES

¢ Ho pres clgun altre tipus de substancia téxica {p.ex. marihuana, cecaina, hercina, efc..) en els
dltims 5 anys?

siOo No O

En el cas de que sf hagi pres alguna substdncia téxica, especifiqui quines:

Neo Ocasionalment Regularment

Actualment prenc substancies toxiques 0 O m}

En els 12 mesos . . . o o O

abans de I'embarés prenia subst. téxiques i H

No Abans dels 3 EEnTre els 3i elsé Després dels 6 mesos
: mesos : 6 mesos
Ho he deixat durant I'embards o o o o
durant els mesos

ACTIVITAT FISICA (durant I'embards)

®  Quina activitat fisica fa en el treball, estudi o feina de casa?

Hores/setmana
- El meu treball és basicament d'estar asseguda | caminar poc (estudiant, docent, conductera de vehicles, dependenta, o
administrativa) . -
- Al meu treball camine forga perd ne faig cap esforg vigords (mestressa de casa, fabrica, venedora, cartera. ). ............. m}
- El meu treball és basicament de molta activitat fisica (BSPOrtiSta). ..ot essnsinnoe O

* Quina activitat feu en el temps de lleure? (anotar la pricritaria si dues activitats coincideixen en hores)

Horas/semana

- Lectura, televisid i activitats que no requereixin activitat fisica iIMPortant ... ... o
- Caminar, anar amb bicicleta, jordineria (no s'inclou &l transport danar i tornar del treball) .. e o
- Cérrer, esquiar, gimndstica, jocs de pilota o esports vigerosos regularMent ... ... s 0
- Entrenament esportiu PegUIG PEr COMPETICIO. .......cccrmmiucrrrsriererermiessrsiessesssresessrssesssssssisssassrssssssrssssessinsisssssmessssmsmsssssssmsssesssmissss m}

® Durant els dltims 12 mesos

Mai Esporadicament Habitualment
| Ha tingut el costum de prendre el Sol? d m] m]
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Nom: Data:

PLANIFICACIO DE L'EMBARAS

® Ha buscat / planificat aquest embaras?  SiO No O

® Durant els 6 mesos abans de 'embards

Cap | DIV | Anticonceptius Pegat Anell | Preservatiu
orals anticonceptiu | vaginal
Quin métode
d'anticonceptiu ha ] m} O m} O m}
fet servir?

* Cicles sense prendre anticonceptius orals abans de I'embards?
{Ndmero de regles des de que va deixar de prendre anticonceptius fins que va quedar embarassada)

DADES SOCIODEMOGRAFIQUES

®  Quina és la seva feina en l'actualitat i quin nivell d'estudis ha completat

Mare Pare

Feina actual

Primaris sense finalitzar
Primaris (ESO, EGB, ..}

Primaris sense finalitzar [m|
m]
Secundaris (BUP, Batxillerat, FP,..) O
m]
m]

Primaris (ESQ, EGB, ...}
Secundaris (BUP, Batxillerat, FP, ...)
Nivell d'estudis | Superiors (Universitaris)

oooao

Superiors (Universitaris)
No aplicable (Familia monoparental)

» Nombre de persones que formen la unitat familiar
» Ingressos nets anuals totals a la llar

Exemple, si la dona té un sou de 20000 €, 'home un de 18000€ i hi ha un avi que viu amb la familia i rep
una pensié de 6000 €

u

Menys de H Més de

0000 € | >9000 € - 19000 € §>19000€ - 25000€§ >25000 € - 35000 €§ 35000 €
o O O m] O
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D N
Inicials D |:| D

Génere

Centre

HimEn

Pes {kg)

Algada {cm)

Circumferéncia cranial(cm)

Circumferéncia mitjana del brag¢(cm)

Circumferéncia del pit (cm)

L]

Circumferencia de la cintura {WHQO) (cm}

Circumferéncia de la cintura {CDC) (cm)

Circumferéncia malucs (cm)

Circumferéncia de la cuixa (cm)

Plec tricipital (mm)

Plec subescapular {mm)
Plec bicipital {(mm}

Plec suprailiac {mm)

Plec de la cuixa {mm)

m[ninlnl=
Oooo-
IO

Pressio arterial Sistolica (mmHg)

Pressid arterial Diastolica {mmHg)

Reus & Tarragona Birth Cohort

Unitat de Medicina Preventiva i Salut Publica

Data de entrevista D:I
d d

TP-90

LTI

m m

a a

Data de naixementljj [D D:I
dd mm aa

RinlEEEEEEE

]

I . .

o e R S [ [

;

DOoooC

L]
[]
[]
L]
[

:
’

Lot CIEn
g Coh

Informacié impedancia bioeléctrica

Ha ingerit liquids avui?

TS ' No

Quantes hores fa de

I"altim cop?

Ha orinat aquest mati?

csoC

No

222

Ha realitzat activitat fisica
avuir

Quantes hores fa?

A quina resisténcia?

kHz

o o e

Ooonn 00000000

LTI eI

00 DoOood
[ O o o

1]

S

" No
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o 000 TP

Inicials [ ][ ][] bata entremtag; % g;
Genere D Data naixement| | [[ ] ][ ]|
Centre D dd mm aa

Historia clinica
1. Qui respon a la Historia Clinica?
[ Mare
[ Pare
[ Altre familiar. Especificar:
™ Tutor/a Responsable no familiar
I Altres. Especificar

Si | No | Motiu

Extraccid sanguinia

Carnet de Salut

BIA

Quadern d‘activitat fisica

MAPA

Diari d"activitat fisica

Neurodesenvolupament 1

Neurodesenvolupament 2

3. Ha estat diagnosticat d’alguna malaltia o malformacié congénita?

4. Ha estat diagnosticat d’alguna malaltia cronica?

5. Ha estat hospitalitzat per algun motiu?

LCNo Esi

Especificar:

Edat durant I'hospitalitzacié (anys)?

6. Se |i ha realitzat algun tipus cirurgia?
[ No [ si
Quina i Quan?

ID:
Inicials:
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7. Es va alimentar el nen amb llet materna?

EZ No E2Si

Durant quants mesos de manera exclusiva {mesos)?
Durant gquants mesos en total?

8. Quina edat tenia quan es van introduir aliments sdlids a la seva dieta
{mesos)?

9. El seu fill té problemes visuals?

= No £ si

Necessita portar ulleres?

10. El seu fill t& problemes auditius?
L No ECsi

11. Ha estat diagnosticat o ha tingut en algun moment:

Abans Entre 2 i Més tard N© de vegades

Ne S daer\;SZ 5 anys dae,:?,j els ;1]\;222 12
Refredat amb [ ol o [ [ [
febre
Infeccio d'oida C o [ e |
Infeccio a la o [ [ |
gola
Pneumonia C o [ | |
Bronquitis L o [ e |
Bronquiolitis o 9 © |
Gastroenteritis C [ e |
Anémia C o | C c
Caries L o [ | |8
Xarampio | ol [ | |
Varicel-la | ol [ [ |
Rosada o [ e |
AItresj 7 C O e O
Especificar:
ID:
Inicials:
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12. Té alguna al-lérgia alimentaria?

Si No
- Llet de vaca o Q
- Ous de gallina |9 e
- Soja o e
- Cacahuets [ &
- Fruits secs C Q
- Blat [ [
- Peix | e
- Marisc o e
- Altres: o )

13. Ha disminuit o suprimit el consum d’algun aliment de la dieta del nen degut a
I'al-lergia?

[ No Esi Quin/s?

Ha substituit aquet/s aliment/s per algun altre?

14. Durant el darrer any ha estat prenent algun medicament?

ENo Csi

Quin?

15. En la actualitat, esta prenent algun medicament?

[ No ESi
Quin?

16. Algun familiar directe ha estat diagnosticat d‘algun trastorn psicopatolagic
(exemples trastorn psicotic, depressid, trastorn d'ansietat, retard mental, trastorns
per déficit d'atenci6 amb hiperactivitat, consum de toxics, trastorn de la
personalitat)?

ENo Dsi

Qui? Tipus de trastern?

ID:
Inicials:
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iiestionari basic de sibilancies

a. Ha tingut alguna vegada sibilancies o xiulets al pit durant qualsevol moment del
[ si 2 No

passat?

SI HA RESPOST "NO” PASSEU A LA PREGUNTA F

b. Ha tingut alguna vegada sibilancies o xiulets al pit en els darrers 12 mesos?

LCsi L No
SI HA RESPOST "NO” PASSEU A LA PREGUNTA F

c. Quants atacs de sibilancies el vostre fill ha tingut en els darrers 12 mesos?
Ccap C1a3 [C4a12 [CMésde12
d. En els darrers 12 mesos, quantes vegades, de promig, el somni del vostre fill ha

estat pertorbat a causa de les sibilancies? L Mai sha despertat amb sibilancies

[Z Menys de una nit per setrmana  [5 Una nit o més nits per setrmana
e. En els darrers 12 mesos, les sibilancies han estat prou severes per limitar la

o o [2si ENo
parla del nen a (nicament una o dues paraules entre respiracions?

f. El vostre fill ha tingut algun cop asma? Csi X Na

g. En els darrers 12 mesos, el térax del vostre fill ha sonat sibilant durant o després
L si L No

la realitzacio d'exercici fisic?

h. En els darrers 12 mesos, el vostre fill ha tingut tos seca per les nits, sense haver

estat refredat o0 amb una infeccid de torax? Csi CNo

iiestionari basic de rinitis

a. Ha tingut algun cop esternuts, el nas "moquejava” o estava tapat quan no tenia

la grip ni estava refredat? Csi Cno

SI HA RESPOST "NO” PASSEU A LA PREGUNTA F

b. En els darrers 12 mesos, ha tingut algun cop esternuts, el nas "moquejava” o

Esi ENo

estava tapat quan no tenia la grip ni estava refredat?

1D:
Inicials:
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SI HA RESPOST "NO” PASSEU A LA PREGUNTA F

c. En els darrers 12 mesos, aquests problemes al nas han estat acompanyats de

picors als ulls o estaven plorosos? Csi ENo

d. En quin dels darrers 12 mesos es van donar aquests problemes al nas?
[ Gener [JFebre [T Marg E2Abril [2Maig [2uny [Cluliol 2 Agost [2 Setembre
[Z Octubre [ Novembre [ Desembre

e. En els darrers 12 mesos, quantes vegades aquests problemes al nas han

interferit amb les activitats diaries del vostre fill? [ Cap vegada  [Zuna mica

[2 Unes quantes vegades [0 Moltes vegades

f. El vostre fill ha tingut mai al-lérgia al pol-len? Lsi LiNo

Qiiestionari basic de éczema
a. Ha tingut alguna erupcid cutania amb picors que va estar comengant i marxant al

LCsi E No

menys durant 6 mesos?
ST HA RESPOST “"NO” PASSEU A LA PREGUNTA G

b. Ha tingut alguna erupcié cutania amb picors en algun moment dels darrers 12

mesas? 5 ENo

SI HA RESPOST "NO” PASSEU A LA PREGUNTA G

c. Aquesta erupcio cutania amb picors ha afectat alguna de les seglients zones del
cos: els plecs dels colzes, al darrera dels genolls, davant dels turmells, sota les

Esi EnNo

natges o al voltant del coll, orelles o ulls?
d. A quina edat wva sorgir la primera erupcié cutania amb picors?
[ Abans dels 2 anys [ZEntre 2-4 anys  [25 anys o més

e. Aquesta erupcid es va aclarir completament en qualsevol moment durant els
EZsi EZNo
darrers 12 mesos?

f. En els darrers 12 mesos, quantes vegades de promig, el vostre fill s’ha quedat
despert durant la nit a causa d'aquesta erupcio?

[Z Mai en els darrers 12 mesos [ Menys de una nit per setmana

[Z Una o més nits per setmana

g. Ha tingut mai éczema? LCsi ENo

ID:
Inicials:
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Carnet de Salut
Creixement
Data Pes (g) Talla {cm}

Calendari de vacunacions

Haemophilus
influenza

tipus B
Meningitis C

DTPa
Poliomelitis
conjugada
XRP
Hepatitis B

2m
4m
om
12m
15m
18m
4a
4-6a

1D:
Inicials:
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17. Habit tabaquic durant I'embaras

Era fumadora activa 3 mesos abans de quedar-se embarassada?

Verificar .
informacié Cno Csi Va mantenir I'habit durant tot I'embaras?
embaras

[ No Csi

Si no, quan ho va deixar?

Va estar en contacte amb alguna persona que fumés davant seu durant I'embaras?

\ 2 No Esi

Durant quantes hores diaries aproximadament?,

18. Habit tabaquic en I'entorn del nen

La mare fuma actualment o ha fumat al llarg de la vida del nen?

ENo Csi [ZFora de casa
Dins de casa, en quin lloc acostuma a fumar? = Qefiseal‘_] perd sense estar davant
Si ha deixat de fumar, edat del nen?_____ [2Davant del nen
EZ Altres
0 cigs/dia 1-5 cigs/dia 6-10 cigs/dia i > 10 cigs/dia
|Quamt5 cigarrets al dia fuma? [ | H [ [

19. El pare fuma actualment o ha fumat al llarg de la vida del nen?

[ No Lsi

[C Fora de casa
Dins de casa, en quin lloc acostuma a fumar? [z A casa perd sense estar davant

. ) del nen
Si ha deixat de fumar, edat del nen?
[Z Davant del nen

[ Altres
| 0 cigs/dia : 1-5cigs/dia : 6-10 cigs/dia > 10 cigs/dia

|Quants cigarrets al dia fuma? o H & : [ H [

20. Altres persones de I'entorn del nen actualment fumen o han fumat al llarg de la
vida del nen?

CNo Csi [SFora de casa
Dins de casa, en quin lloc acostuma a fumar? E ':eclansean perb sense estar davant
Si ha deixat de fumar, edat del nen?_____ [ Davant del nen
ES Altres
0 cigs/dia 1-5 cigs/dia 6-10 cigs/dia > 10 cigs/dia
Quants cigarrets al dia fuma? [ ' [ ' [ ' [
1D:
Inicials:

229



UNIVERSITAT ROVIRA I VIRGILI

A STUDY OF THE ASSOCIATION BETWEEN ONE CARBON METABOLISM AND BLOOD PRESSURE IN
ADULTS AND TRANSGENERATIONALLY BETWEEN PREGNANT WOMEN AND THEIR CHILDREN.
Gemma Ornosa Martin

Appendices

Reus & Tarragona Birth Cohort

Unitat de Medicina Preventiva i Salut Piblica

Dades sociodemografiques

21. Quina és la seva feina actual i quin nivell d'estudis maxim ha completat

Mare Pare
Feina actual/ darrers
12 mesos
[ | Sense estudis [ | Sense estudis
0o Primaria incompleta [ | Primaria incompleta
[3 | Primaria (ESO, EGB) [z | Primaria (ESO, EGB}
| EGB, batxiller [ EGB, batxiller
| Formacié professional | gz | Formacié professional
o BUP, batxillerat | BUP, batxillerat
Nivell d‘estudis [ | COU, PREU [z | COU, PREU
o Estudis universitaris 9 Estudis universitaris de
de grau mig grau mig
(Diplomatura) (Diplomatura)
o Estudis universitaris [ Estudis universitaris de
de grau superior grau superior
(llicenciatura, master, (llicenciatura, master,
doctorat) doctorat})
22. Quantes persenes formen la unitat familiar?
23. Ingressos nets anuals totals a la llar
C > # @ E

=9000€ : >9000<-19000 € : >19000 € - 25000 € : >25000 € - 35000 €: > 35000 €

£

[ |

0
0

1D:
Inicials:
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- |:| D I:l TP-90
Inicials D D D D Data de c.omplec-i(’>| | | | | | | ’ ‘

Centre |:| dd mm aa

(A omplir per I'investigador)

Qiiestionari d’activitat fisica i desenvolupament

Aquest quadern I’han d’omplir les mares i/o els pares, o bé el tutor
legal amb 1’ajuda del nen. Les preguntes fan referéncia a la activitat
fisica, i al desenvolupament del vostre fill.

Les respostes que figurin dins d’aquest quadern, seran confidencials i
mai estaran lligades al nom del nen.

Moltes gracies per la vostra col-laboracio.

UNIVERSITAT ROVIRA | VIRGILI
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Qiiestionari d’activitat fisica

Volem congixer el nivell d’activitat fisica del vostre fill durant els
darrers 7 dies (la setmana anterior). Aixo inclou esports o ball que el
fan suar o que provoca que senti les cames cansades, o bé jocs que el
fan respirar rapidament com ara tocar i parar, saltar a la corda, correr,
escalar o d’altres.

Recordeu:

1. No hi ha respostes correctes o incorrectes — No es tracta de
cap examen.

2. Si us plau, respongueu totes les preguntes tan honesta i preci-
sament com pugueu.

1. Activitat fisica durant el temps lliure: El vostre fill ha realitzat alguna de
les activitats segiients en els ultims 7 dies (setmana passada)? Si la resposta
¢s SI, quantes vegades? (Marqueu un sol cercle per filera).

—_—
1

NS
1

(o))

3

1
SN

5 7 cops 0 més
Saltar ala corda .............
Patinar
Jocs: Tocar i parar, .......
Caminar (exercici) ........
Bicicleta .......ccceeeeennnnee.
Correr/ Footing .............
NataciGummsusmsmsmmasy
Ballar .....coceevevviinivenuennenn
Muntar en monopati ......
Butbol sssssssssssssssmsismss
Hoquei sobre gespa .......
Hoquei sobre patins ......
Basquet siesscosmammeesesvn
Patinatge artistic ........
)
Hoquei sobre gel

eleReXeNoRodoReReRoRoReRo e Ko Ro B
efeRoTeNeRoReReReReReRoReReReNe
efeToRoNoReRoReReReRoReRo oo Re'
efeleReloReReReReReRoReNoReRele!
efeRoleReRoleReReodoReRoReReRoRe!

1
o
1
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Altres:
'S '® e O (o
@ C & & '@

2. En els ultims 7 dies, durant les classes d’Educacio Fisica, quantes vega-
des va estar molt actiu (jugant intensament, corrent, saltant, fent llanga-
ments)? (Marqueu una sola resposta.)

No fa educaci¢ fisica o
Gairebé mai O
Alguna vegada O
Sovint O
Sempre &

3. En els dltims 7 dies, que feia la majoria de vegades a I’hora del pati?
(Marqueu una sola resposta.)

Estar assegut (parlar, llegir, fer els deures)
Passejar

Correr o jugar una mica

Correr o jugar bastant

D000 0

Cérrer o jugar gairebé sempre

4. En els ultims 7 dies, que feia la majoria de vegades a I’hora de dinar (a
part de menjar)? (Marqueu una sola resposta.)

Estar assegut (Parlar, llegir, fer els deures)
Passejar

PR
O
Correr o jugar una mica O
Cérrer o jugar bastant ®

~

Correr o jugar gairebé sempre
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5. En els ultims 7 dies, quants dies just després de I’escola va practicar
esport, ball (dansa) o va jugar a jocs en els quals estava molt actiu? (Mar-
queu una sola resposta.)

Cap

Una vegada en la darrera setmana
2 0 3 vegades en la darrera setmana
4 vegades en la darrera setmana

3OO0 000

5 vegades en la darrera setmana

6. En els ultims 7 dies, quants dies per la tarda va practicar esport, ball
(dansa) o va jugar a jocs en els quals estava molt actiu? (Marqueu una sola
resposta.)

Cap

Una vegada en la darrera setmana

2 0 3 vegades en la darrera setmana
4 vegades en la darrera setmana

0000

5 vegades en la darrera setmana

7. En I’dltim cap de setmana, quants cops va practicar esports, ball (dansa)
o va jugar a jocs en els quals estava molt actiu? (Marqueu una sola respos-
ta.)

Cap

Una vegada en la darrera setmana

2 0 3 vegades en la darrera setmana
4 vegades en la darrera setmana

0000

5 vegades en la darrera setmana
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8. Quina de les segiients afirmacions el descriu millor en els iltims 7 dies?
Llegiu les 5 afirmacions abans de decidir quina resposta el descriu.

a. Tot, o gairebé tot el seu temps lliure el va dedicar a activitats ¢~
que requereixen poc esforg fisic

b. Alguna vegada (1-2 vegades) ha practicat activitat fisicaenel
seu temps lliure (ex.: fer esport, correr, nedar, bicicleta o aero-

bic)

c. Sovint (3-4 vegades) ha practicat activitat fisica en el seu &
temps lliure

d. Bastant sovint (5-6 vegades) ha practicat activitat fisicaenel
seu temps lliure

e. Molt sovint (7 o més vegades) ha practicat activitat fisicaen
el seu temps lliure

9. Marqueu quantes vegades ha realitzat alguna activitat fisica (tals com fer
esport, jocs, ballar o qualsevol altre activitat fisica) per cada dia durant la
darrera setmana.

Cap Poca Normal Bastant Molta

© 2) 3) )
Dilluns D 5 O O C
Dimarts % O D O .
Dimecres C @ @ © &
Dijous - O O o -
Divendres C . C C C
Dissabte & O O C ®
Diumenge » 0 5 O C

10. Ha estat malalt durant aquest dltima setmana, o alguna cosa ha impedit
que practiqués alguna activitat fisica? (Marqueu una casella.)

Si C
No ®

Si la resposta és si, que ho ha impedit?
-5-
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11. Com acostuma a anar el nen a I’escola?

Bicicleta {
Cotxe/ moto T
Caminant {
Autobus

=
¥

12. Quanta estona tarda en arribar a I’escola?

1 a 5 minuts .
6 a 10 minuts r
11 a 15 minuts C

Més de 15 minuts {

13. Penseu en una setmana habitual. Indiquen quantes hores al dia el nen
realitza les accions segiients:

Entre setmana | Caps de setmana
{promig dels (promig dels dos
cine dies) dies)
Mirar la televisio (DVD, videos
i pel-licules al ordinador)
Jugar a I’ordinador (consoles,)
Fer deures (sense ordinador)
Dormir
Llegir
14. Té¢ televisio a la seva habitacid?
Si 8
No C
-6-
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Desenvolupament fisic

Ens agradaria avaluar el desenvolupament fisic del vostre fill utilitzant les
figures que es representen en aquesta pagina.

Aquestes, indiquen diferents estadis de pubertat comunament utilitzats per
metges per avaluar el desenvolupament i creixement dels nens.

Els nens passen per els diversos estadis de desenvolupament fisic en dife-
rents edats. Alguns d’ells comencen tan aviat com als 6 anys, i d’altres no

ho fan fins als 16.

Les figures seglients mostren diferents quantitats de pe¢l pubic masculi. Els
nens poden passar per cada un dels diferents estadis representats.

Si us plau, mireu atentament cada una de les diferents figures. Es important
també que llegiu les descripcions.

Assenyaleu la casella que més concorda amb I’estadi del vostre fill.

/

L® Lleugera vellositat infantil.

arrelat al penis.

{
) ~  Pelarrissat, escassament desenvolupat, perd obs-
/ cur, clarament pigmentat i arrelat al penis.

\_

.\if{

\

\1?){ ~  Pelescas, llis i lleugerament pigmentat, usualment
\\%,/

O No n’estic segur.
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Monitoreic Ambulatori de Ia Pressio Arterial (MAPA)

Es tracta d’una técnica ne invasiva que obté mesures de la pressio
arterial durant 24h del dia.

L is del MAPA no ha de provocar cap alteracié en Pestil de vida del
nen, i ha de permetre realitzar totes les activitats quotidianes de ma-
nera habitual.

Cal tenir especial cura en el manteniment del MAPA i procurar que
no quedi fora de la bandolera.

Per apagar, col-locar Ia pestanya de la part superior al “0”, i per tor-
nar a encendre, moure-la cap a 1'altre costat. Sempre que el MAPA
estigui posicicnat en el brag, ha de romandre encés.

Qué faig si...

... el bracalet ¢s mou de lloc?

La fletxa de color blanc ha de quedar uns 2 cm
per damunt del plec del brag, i assenyalant al
punt mig tal i com es mostra en el dibuix.

...el MAPA pressiona molt fort a I’hora de prendre la mesura?

Serd necessari afluixar el bracalet, treien el “velero™ i col-locant-lo de
manera que no pressioni massa, pero gque no guedi mobil.

Per a qualsevol dubte, o problema gue sorgeixi, 654 660 005.
Moltes gracies per participar!!!

Unitat de Medicina Preventiva i Salut Piblica

-8
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TABLE 3. Blood pressure for girls by age and height pereentiles
[mmHg) parcantile af b NRP (mmHg) percsntils af b
Age (years) BP peroentile i0th 25%th  Sth 754 Sth 1th 25k 5S0th 75th Sth 95th
1 Sdth 57 ar =] 100 11 102 103 52 53 By ) 55 55
55th (L T [} 102 104 1% 106 107 56 57 57 ] L] 58 &0
saith e 1w 108 m 12 13 14 B4 B4 BS &5 BE 67 &7
1 Sdth =] E:l 100 1 a3 104 108 87 = ] 5 1] E1 &1
5th 02 103 104 105 a7 108 108 &1 B2 B2 &3 B4 S ]
Sath s 110 11 12 114 118 16 ] =] EL] Ta T 72 br
3 Sdth oo 100 102 103 104 108 106 &1 B2 B2 &3 B4 B4 ]
&5th {17 S [+ 108 107 o] 108 1a S 23 B &7 2] EH 2]
saith m m n3 14 1% 18 nz bE] e ] T4 = 6 T
4 Sath 101 az 103 104 108 107 108 4 B4 B &5 &7 67 =]
5th oE 106 107 108 1a m nz BH (23 ] T n n Tz
ath LLF] 12 114 185 ne 18 14 6 T 6 m " k| bl
13 Sdth {10 S [ 108 106 a7 108 108 & &7 B7 &8 =] ] T
&5th o7 1ar 108 110 LhA] 112 13 M h il T rE] kE] T4
saith 14 114 18 n? na 1200 120 k| i1 k| ™ B0 Bl =
3 ath o4 105 106 108 o] 110 11 23 ] T o n Tz
5th e W 1o m {RE] 14 ns 12 n 73 T4 T 75 T
Sath LLE & 17 119 ] 121 122 20 Bl = o] B3 f:£]
1 Sdth ar 108 8 11 12 13 ] m 0 n 7] 12 bE]
S5th m 112 13 1% 116 & k] T4 kL] TS TE ki T
saith na g 120 122 123 124 B1 1] B2 = B3 B4 1]
B saih 1w 1o m 1z 114 114 fl T il T2 FE ] L T4
5th nz 114 15 18 1ne 18 75 i3 75 TS ) ki -]
sath 13 121 122 113 125 125 B2 B2 E] =3 B4 BS 5
5 Sdth 1a 12 13 114 18 & 12 n 72 T3 T 75 T
55th 14 115 n? 1na 119 120 76 & 76 ™" e kx| fi]
saith 1 123 124 {F=1 127 123 B3 B3 B4 -1 85 BE a7
1v] sath L F] 1z 114 15 16 118 118 k] fE} 73 T4 s ki T
5th nmE 14 17 18 1 Fi 122 ” (rd 77 Ta ™ BO =0
sath 123 123 125 126 127 129 129 B4 B4 BS B BE 87 -]
n Sdth 14 114 18 n? na s 120 T T ] ™ T ” T
55th 1nmg 118 119 121 122 123 124 8 e 78 ™ B0 81 81
saith 125 1% 126 128 jF] 130 131 BS B HE a7 a7 BH =
12 sath Mg 114 117 19 12 121 122 75 T 75 Ta ) | T8
5th ng  1m 121 123 124 128 126 k| ™ k| =0 1] B2 -+
sath 127 127 128 130 [E]] 132 133 BE BE BY =8 BE B3 ]
13 Sdth 7 nsa g 121 122 123 124 6 T 76 il ] | bi:]
55th 121 122 123 124 126 127 128 B0 BO B0 81 B2 B3 -£]
saith 12 1m 130 132 133 134 135 87 &7 B = 25 51 a1
i sath mE 1 121 122 124 128 125 7 (rd 77 = ] BO =0
55th 123 3 125 126 127 129 124 B1 1] H1 =2 B3 B4 1]
sath LEL T | 132 133 135 136 136 BY B2 E] ) 50 81 oz
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SBP (mmHg) percentile of height DEP (mmHg) percentile of height
Age (years) BP percentile S5th 10th  25th 50th  75th  S0th 5 10th 25th 50th 75th  90th  95th
=0 =4
55th £ 53 101 103 nod 106 108 54 £ 55 kL] a7 58 k]
S5th 105 105 i 11a LI F n3 114 &1 B2 LE] B2 BS &b EE
2 S0th a7 59 100 1az2 a5 105 54 £5 ] &7 E1:3 -] £5
95th m oz o4 108 e L] 11 59 59 L) Bl B2 a3 -t}
S5th 102 1ma 111 113 115 117 7 &6 Ef 1] B9 o Ll )
3 S0h oo Lleh] w2 125 pler) o8 -] 59 25 L) Bl B2 LE] B2
95th 104 [iL] (i) 103 o 112 1z B3 E3 L5 BS BE ai ET
S5th m 1z 114 116 L1:] 18 13 n rj | 72 a2 4 75 I}
4 Soth 102 pleE] 105 1ay s 110 1 B2 B3 B (=] BE &E 1)
95th 10& 7T L) m m2 114 s b6 EF L -] n T n
55th 113 a4 11& 118 o 121 12z ia = 76 n e TB L)
5 S0ih 104 s e 108 o m nz B5 E& ar =] 65 L] n
55th 108 =) 1o 12 4 115 118 &3 m T Lr3 73 T4 4
S5th 1% mna e 120 1 123 12 m = 79 B a = -]
B S0ih 105 Pl ] 108 110 113 11z B8 EE a3 m n T2 b
55th s ima 112 114 s ni? nr 12 I 73 4 5 T8 -l
S5th 11& mr s 1 123 124 1% B0 BO E-2 BX 83 24 24
) Soth 10& 7T L) m mn3 114 s 1l n mn z 73 rIa 4
55th 110 LLL 113 115 LLE} 118 119 14 Ied 75 a Er T8 e
S5th mny = 120 122 24 128 1% a2 v 23 B4 a5 BE BE
B Soth 107 Lle=] 1o 1z ma 115 & n i T2 T2 4 TS -]
55th m mnz 114 116 (1]:] 1158 13 75 -] 7 s by ) 15 Bn
55th 115 s 122 123 2% 127 1z7 83 B4 a5 -] ar ar BE
9 S0th s ima 12 114 s nz? s 12 3 74 -} B T6 I
55th 113 mna4 11& 118 s 121 LFal 76 tr 78 -] an a1 21
55th 120 12 123 125 y 128 3 2] BS -1 BT ag =8 BS
v} S0th 111 iz 114 115 LLE} 118 119 13 73 74 s 7B i e
55th 1% mna ny 1a 1 122 12 m = 79 B a = -]
55th 122 2=z 125 1z7 28 130 130 85 BE -1 -] a8 -] S0
] ] S0th 113 s s nrz s 120 12 14 M 75 na Er T8 -
55th 17 ns s 1 123 124 1% 8 = Ta B0 a1 =2 2
55th 124 125 127 13 130 132 122 86 BE ar -] as a0 50
2 S50th 115 s 11e 120 iry 123 13 ia = 75 L] n TB )
55th s rla] 122 123 125 127 7 8 -] 20 Bl a2 =2 B
S5th 126 T 129 121 133 134 125 86 ar 28 B9 30 a0 L
13 S50th mny ns 120 122 24 125 1% 75 s 76 7 e e )}
55th 121 12z 124 126 28 123 130 3 - &0 Bl a2 a3 B3
55th 128 130 131 123 135 136 a7 a7 ar 28 B9 30 / Ll
4 S50th 1200 m 123 125 Fl:3 128 8 75 -] I s 5 T8 Bn
55th 124 125 127 1z8 130 13z 13z B BO E-hl BZ a3 a4 B4
B2 29 50 3 a2 52

95th 131 13z 134 126 138 139 140 L)
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