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Riboflavin, MTHFR Genotype and
Hypertension

This talk will address

Hypertension

MTHFR genotype and hypertension

Riboflavin as a personalised nutrition strategy for
* Treating hypertension
* Preventing hypertension

Impact
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High BP (Hypertension) — a global health concern

Mortality due to global risk factors

mmmmmm) Hypertension

Smoking

High cholesterol

Child underweight for age

Unsafe sex

Low fruit and vegetable intake
Overweight and obesity

Physical inactivity

Alcohol use

Indoor air pollution from solid fuels
Unsafe water, sanitation, and hygiene
Zinc deficiency

Urban air pollution

Vitamin A deficiency

Iron deficiency anaemia
Contaminated health-care injections
Micit drug use

Unmet contraception need

Child sexual abuse

Attributable Deaths in Thousands
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Hypertension

The major risk factor for cardiovascular disease,
and stroke in particular

Defined as a blood pressure (BP) of greater than
140/90 mmHg

Multiple lifestyle, nutritional and genetic factors
known to affect BP

Antihypertensive drugs are highly effective yet
hypertension remains a global problem

Dietary approaches to lower BP
Weight loss; salt reduction; DASH diet; alcohol



Nutrition and Lifestyle factors targeted to
reduce blood pressure

Lifestyle factor SBP decrease (mmHgQ)
Weight loss (per 10 kg) 5-20
Physical activity 4-9
Sodium reduction 2-8
Limit alcohol 2-4

Modified from Chobanian et al. 2003 JNC 7 report



Genes and blood pressure

= A number of genetic variants appear to contribute
modestly to blood pressure variability

= The MTHFR gene is among 8 genetic loci linked to the
variation in blood pressure in Genome-Wide
Association Studies (GWAS studies)?

1.Global BPgen Consortium. 2009 Nat Genet 41, 666-76
2.Ehret et al. 2011 Nature 478, 103-109
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Folate and related B vitamins

Required for one-carbon metabolism

Have a major metabolic role in methylation
processes

Prevent homocysteine accumulation
Health benefits may

- relate to their homocysteine-lowering effects or
- be independent of homocysteine



Wheat Flour Fortification Legislation

October 2012: 75 countries require iron and/or folic acid in wheat flour

5--;-‘2. 3..?-

www.FFInetworlk.org

All countries in blue fortify flour with iron and folic acid except

Australia which does not include iron, and

Venezuela, the United Kingdom, the Philippines, and Trinidad and Tobago
which fortifiy with iron only and do not include folic acid.



Decline in stroke related mortality in the US and Canada

USA White Women USA Black Women
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Methylenetetrahydrofolate reductase

(MTHFR)
SUBSTRATE: 5,10 methylenetetrahydrofolate
PRODUCT: 5 methyltetrahydrofolate
COFACTOR: Flavin Adenine Dinucleotide (FAD)
PRECURSOR: Riboflavin (vitamin B2)

* Polymorphic mutations in MTHFR
— MTHFR 677C—T Polymorphism
* Cto T substitution at base pair 677
* Alanine/valine change in the amino acid sequence
* Functionally defective enzyme



Is this common folate polymorphism
a risk factor for cardiovascular disease?

* Homozygosity (TT genotype) results in lower MTHFR
enzyme activity and increased homocysteine
concentrations in vivo

* Excess risk of CVD (by 14-21%)'* in individuals with the
TT genotype, but large geographical variation between
countries

Wald DS et al. BMJ 2002; 325: 1202-1206.
2Klerk et al. JAMA 2002; 288: 2023-2031.
3Lewis et al. BMJ 2005; 331: 1053—-1056.
“Holmes et al. Lancet 2011; 378: 584-594



MTHFR 677TT genotype and hypertension

Journal of Human Hypertension (2011}, 1-9
& 2011 Macmillan Publishers Limited All righis reserved 0950-9240¢1 1

wwrw.nature.comyfjhh

ORIGINAL ARTICLE

Strong association of
methylenetetrahydrofolate reductase gene
C677T polymorphism with hypertension
and hypertension-in-pregnancy in
Chinese: a meta-analysis

W-0Q Niun*=*3*% ¥-G You**® and Y Qi*®

'State Key Laboratory of Medical Genomics, Shanghai Keyv Laboratory of Vascular Biology and Department
of Hypertension, Ruijin Hospital, Shanghai Jioo Tong University School of Medicine, Shanghai, China:
*Laboratory of Vascular Biology, Institute of Health Sciences. Shanghai Institutes for Biological Sciences,
Shangheai, China;*Shanghai Institute of Hypertension, Shanghai, China; *Beijing Tropical Medicine Research
Institute, Capital Medical Universityv Affiliated Beijing Friendship Hospital, Beijing, China and "Department
of Epidemiology, Capital Medical University Affiliated Beijing Anzhen Hospital, Beijing Institute of Heart,
Lung & Blood Vessel Diseases, Beijing, China

Meta-analysis of 20 studies ; 4461 participants
* OR1.87(95% Cl 1.31-2.68); P=0.001

Niu WQ, You YG, Qi Y. (2012) J Hum Hypertens. 26, 259-67.



~ Genotype-specific response to riboflavin

Mean homocysteine (umol/L)

CC CT TT
(n=27) (n =26) (n = 34)

Baseline 10.7 12.2 17.6
Riboflavin 1.6mg/d 12 weeks ‘ ‘ ‘
After intervention 10.9 11.8 13.0*

McNulty et al. 2006 Circulation 113(1), 74-80



SBP (mmHg)

This gene has an important role in
determining blood pressure in CVD patients
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SBP (mmHg)

This gene-nutrient interaction has a novel
role in treating hypertension in CVD patients
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BP medication changes

[ 2006 NICE Guidelines ]

%]

1 v l

[Angiotensin-system drugs] I [Calcium channel blockers] + [ Diuretics ]

* Three major changes occurred:
—-B-blockers omitted
-Shift from monotherapy to polytherapy
—-Drug choice depended on age and race



Systolic BP response in CVD patients with the TT genotype
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Systolic BP (mmHQ)

—— Assigned to treatment in 2004 intervention, and to placebo in 2008 intervention

—=—— Assigned to placebo in 2004 intervention, and to treatment in 2008 intervention
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Wilson et al. 2012 Am J Clin Nutr; 95:766—-72.



Results of 4-year follow-up
Wilson et al. 2012 Am J Clin Nutr; 95:766-72

e The MTHFR 677TT genotype remained a risk factor for
hypertension in this high-risk cohort over the 4-year
period

e Riboflavin intervention resulted in an overall decrease
of 9mmHg SBP and 6mmHg DBP

* This BP-lowering effect of riboflavin occurred
irrespective of current antihypertensive therapy



Role of this novel gene nutrient interaction in
treating hypertension (no overt CVD)

Association.

L] d .
Hypertension T oy

Blood Pressure in Treated Hypertensive Individuals With the MTHFR 677TT Genotype Is
Responsive to Intervention With Riboflavin : Findings of a Targeted Randomized Trial
Carol P. Wilson, Helene McNulty, Mary Ward, J.J. Strain, Tom G. Trouton, Birgit A. Hoeft,

Peter Weber, Franz F. Roos, Geraldine Horigan, Liadhan McAnena and John M. Scott

Hypertension. 2013:61:1302-1308; originally published online April 22, 2013;
doi: 10.1161/HYPERTENSIONAHA.111.01047
Hypertension is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231

Copyright © 2013 American Heart Association, Inc. All rights reserved.
Print ISSN: 0194-911X. Online ISSN: 1524-4563

* Blood pressure in treated hypertensive individuals with the
MTHFR 677TT genotype responded significantly to riboflavin

Primary Prevention of CVD

Wilson et al. 2013 Hypertension; 61:1302-1308.



Role of this novel gene-nutrient interaction in

the prevention of hypertension?
Some unanswered questions

« What are the determinants of blood pressure in adults at all
ages?
« How important is MTHFR genotype relative to other factors?
« And what about drugs?

« Can MTHFR genotype increase the risk of developing
hypertension?

Does riboflavin status matter?

* The JINGO project provided the means to address these
guestions

Some slides showing unpublished data from the JINGO project have been removed
from this presentation



NANS study TUDA study
(n 1500) (n 5189)

Cognitive cohort Bone cohort HTN cohort
(n 1699) (n 1390) (n 2100)

MTHFR genotype MTHFR genotype
unavailable (n 409) unavailable (n 132)
Available NANS sample Available TUDA sample
(n 1091) (n 5057)

N
Combined NANS and TUDA cohorts J
(n 6148)

J

CC CT 1T
(n 2713) (n 2692) (n 743)




Impact



Potentially affected population who
can benefit?

= Gene x nutrient = phenotype
= MTHFR gene x riboflavin = blood pressure

= ‘Normalising’ the activity of the variant MTHFR enzyme by
Increasing riboflavin status will lower blood pressure and
prevent the development of hypertension

= The affected population who can benefit in will be
Influenced by both the genetic factor (i.e. frequency of TT
genotype) and riboflavin status (i.e. prevalence of deficient or
low status).



Area, ethnicity

Frequency of MTHFR 677TT genotype worldwide

Mexico —

ltaly Campania —

ltaly Sicily —

Northern China, Han —

US Atlanta, Hispanics — |
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Prevalence of homozygous TT genotype (two 677C>T alleles)

Data published in Wilcken et al. 2003 J Med Genet 40, 619-625.



Low riboflavin status is a global health issue

[Unpublished data from Ulster in collaboration with UBC, Vancouver Canada]

NANS (n=1130) TUDA (n=5192) ® Adequate

(<1.30)

M Suboptimal
(1.31-1.39)

O Deficient
(21.40)

Young Canadians (n=51) Elderly Canadians (n=226)
Cambodia, urban1gn/=146) Cambodia, rural (n=156)
% 9%

9% 10%

78% 81%




CVD mortality risk increases as BP rises

Cardiovascular Mortality Risk

115/75 135/85 155/95 175/105

Systolic/Diastolic Blood Pressure (mmHQ)

Lewington S et al. Lancet 2002;360:1903-1913
Chobanian AV et al. JAMA 2003;289:2560-2572



Impact of reducing BP

* Meta-analysis of 61 prospective studies including over 1
million adults?

Each 2 mmHg
decrease in SBP -<

Potential public health significance of this gene-nutrient
interaction on BP could be very significant

10% reduction
in risk of stroke
mortality

TLewington et al. 2002 Lancet; 360:1903-1913.



Impact of riboflavin intervention (personalised)
Relative to other Nutrition/Lifestyle factors to reduce BP

Lifestyle factor SBP decrease (mmHg)
Weight loss (per 10 kg) 5-20

[Riboflavin (genotype-specific) 6 -13*]

Physical activity 4-9

Sodium reduction 2-8

Limit alcohol 2-4

Data (modified) from Chobanian et al. 2003 JNC 7 report.
*Data from 3 published trials from Ulster: Horigan et al 2010; Wilson et al 2012 & 2013



Interaction of Riboflavin with MTHFR Genotype
In relation to Hypertension

Individual as well as Population-based approaches are needed to
prevent hypertension and thus cardiovascular disease

A novel genetic risk factor?*, present in 10% of people worldwide,
Increases the risk of developing hypertension
Riboflavin (vitamin B2) can play an important role in treating and
preventing hypertension specifically in people with the relevant genetic
variant

« Independent of current antihypertensive therapy

Ongoing and Future work

« Potential for maintaining better cardiovascular health through a
personalised approach to preventing/treating hypertension

« Confirmation of these results in other populations in the world
* Hypertension in pregnancy

*TT genotype for the C677T polymorphism inthe MTHFR gene



My thanks to.......an my colleagues in NICHE especially
Our Collaborators in TCD and SJH

Mary Ward John Scott

Sean Strain Anne Molloy
Kristina Pentieva Conal Cunningham
Leane Hoey Miriam Casey

Catherine Hughes
The JINGO (inc TUDA and NANS) project teams at Ulster, TCD UCD, UCC

PhD students past and present Clinical Collaborators
Geraldine Horigan (2006) Maurice O’Kane

Carol Wilson (2010) John Purvis

Rosie Reilly (2014) Tom Trouton DSM

Emma Hughes (current)
Amy McMahon (current)

BRIGHT SCIENCE. BRIGHTER LIVING.

#\"II'—'! I:lE-paﬁi‘n'.en[ af Department for

ol Agriculture,

Ii,_l_y Food and the Marine Employment
> A Boirn

11 Talmhaiochta, aIld Learn]_ng

Health Research Board Bia agus Mara www.delni.gov.uk


http://www.dsm.com/corporate/home.html
http://www.dsm.com/corporate/home.html

