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Mortality and global risk factors
Attributable Deaths in Thousands

‘ High Blood Pressure

Smoking
High chaolesterol
Child underweight for age
Unsafe sex
Low fruit and vegetable intake
Owverweight 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
llicit drug use
Unmet contraception need

Child sexual abuse
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Child and maternal malnutrition

>

Unsafe water, sanitation, and handwashing

Dietary risks

High systolic blood pressure
Air pullulion_
Tobacco smoke

Alcohol and drug use

High body-mass index

High fasting plasma glucose
Unsafe sex

High total cholesterol
w—

- |

Occupational risks

Low glomerular filtration rate
Low physical activity

Sexual abuse and viokence
Other environmental risks
Low bone mineral density

B
Dietary risks
- High systolic blood pressure
Child and maternal malnutrition
Tobacco smoke
Air pollution
High body-rmass index
Alcohol and drug use
High fasting plasma glucose
nsafe water, sanitation, and hanclwasl\ing
Unsafe sex
High total cholesterol
Occupational risks
Low glomerular Hiltration rate
Low physical activity
Sexual abuse and violence
Other environmental risks

Low bone mineral density

T T
5-0

T
7-5
DALYs (%)

HIV/AIDS and tuberculosis Cardiovascular diseases

BN Diarrboea, lower respiratory, and other common infectious diseases I Chronic respiratory diseases
B Maternal disorders B Cirrhosis

Bl Nutritional deficiencies Bl Digestive diseases

Wl Other communicable, maternal, neonatal, and nutritional diseases Bl Neurological disorders

Neoplasms Bl Mental and substance use disorders

T T

T
10.0 12-5 150

Hl Diabetes, urogenital, blood, and endocrine diseases
Bl Musculoskeletal disorders
Hl Other non-communicable discasces
I ranspaort injuries
B Unintentional injuries
Bl Scif-harm and interpersonal violence

Global DALYs attributed to level 2 risk factors in 2000 for both sexes combined (A) and global DALYs

attributed to level 2 risk factors in 2013 for both sexes combined (B)
DALYs=disability-adjusted life-years.

Risk Factors Collaborators Lancet 2015



Blood Pressure and CVD

« Hypertension is defined as a blood pressure (BP) of
greater than 140/90 mmHg?

« Hypertension affects over 1 billion adults globally?

« Positive and continuous relationship between BP and
CVD mortality?

« Hypertension estimated to cost £1 billion in drugs in
UK#

INational Institute for Health and Clinical Excellence 2004
2Danaei et al. 2011 Lancet 377, 568-577

3Prospective Studies Collaboration 2002 Lancet 360,1903-1913
4NICE 2011
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Lifestyle factors targeted to reduce BP

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
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* Methylenetetrahydrofolate reductase
(MTHFR) and blood pressure



GWAS studies

* A large number of genetic variants appear to contribute
modestly to BP variability’

 Genome-Wide Association Studies (G-WAS) have linked
a number of genetic loci including the MTHFR loci to the
variation in blood pressure?3

« Regions identified may contain other unknown or
unconsidered genetic variants associated with BP

Kurtz et al. 2010 Hypertension 56,1021-25
2Global BPgen Consortium. 2009 Naf Genet 41, 666-76
SEhret ef al. 2011 Nature 478, 103-109
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MTHFR 677C—T Polymorphism

* Polymorphic mutations in MTHFR: MTHFR 677C—T

Polymorphism
» C to T substitution at base pair 677
 Alanine/valine change in the amino acid

sequence
» Functionally defective enzyme

» Meta-analyses!“ estimate excess risk of CVD (by 14-
21%) risk in individuals with the TT genotype, but
large geographical variation between countries

lwald DS et al. BMJ 2002;.2Klerk et al. JAMA 2002;
Slewis et al. BMJ 2005; “Holmes et al. Lancet 2011
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MTHFR 677TT genotype frequency

Mexico

ltaly Campania

ltaly Sicily

Northern China, Han
US Atlanta, Hispanics
ltaly Veneto, Whites
Spain, Whites
France, Strasbourg
Hungary

US Atlanta, Whites
Israel

Southern China, Han
Australia, Whites
Russia

The Netherlands
Canada Alberta, Whites
Finland

US Atlanta, Blacks

Areaq, ethnicity
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Prevalence of homozygous TT genotype (two 677C>T alleles)

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



Genotype-specific response to
riboflavin

Mean homocysteine (umol/L)

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

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

* P<0.05 denotes significance determined by independent t-tests split by treatment

McNulty et al. 2006 Circulation 113, 74-80
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Role of this gene-nutrient interaction in BP
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Our 4-year follow-up study

* In light of significant changes in the therapeutic
management of hypertension, we wished to:

- Confirm the role of this polymorphism as a
determinant of BP

- Re-Investigate the abillity of riboflavin to
manipulate BP In patients with the TT
genotype



BP medication changes

[ 2006 Guidelines ]

1

| B-b!‘ckers ]

1 1 1

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

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



Study design and completion rates

[ Premature CVD patients screened for MTHFR genotype n=404 ]

n=64 n=68 n=49

=) ) @

2004 Study (n=181) —| ¢¢ [ 1 ] [ T ]

—

Follow-up 2008 (n=85) <

YA

Agreed to participate

\ 4

,_
>

)

2008 Intervention TT <

genotype (n=31) Excluded —>[ Multivitamin n=1 ]

Fatal event n=1
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Systolic BP (mmHQ)

Systolic BP response in patients with the TT

160 1
148
146
144 -
142 -
140 1
138 -
136 -
134 -
182

genotype

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

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

130

2004 Intervention 2008 Intervention



Study results

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

* Riboflavin supplementation resulted in an overall
decrease of 9mmHg SBP and 6mmHg DBP (2004
and 2008 interventions combined)

* This genotype-specific BP-lowering effect of
riboflavin was evident irrespective of current
antihypertensive therapy

Wilson et al. 2012 AJCN 95, 766-772



Hypertensive cohort of TUDA! screened for the MTHFR )
677C>T polymorphism (n=1427)

Hypertensive patients identified as having the MTHFR
677TT genotype (n=157)

A

Participants stratified by systolic BP and randomised to
treatment group n=91

|

Riboflavin 1.6 mg/d
n=46

Dropouts
n=2

Riboflavin 1.6 mg/d
n=44)

Week O

Week 16

Deceased =1
Not contactable=12
Declined to participate=37

Failed to meet inclusion criteria

=16

~

J

(»
>
\_
Placebo
n=45
Dropouts
n=1
Placebo
n=44

¥

Completed n=88

y

Analysed as per
ITT? n=91

Flow diagram of study design and completion

rates. ! Trinity Ulster Department of Agriculture

study 2Analysed as per intention to treat (ITT)
Wilson et al 2013 Hypertension 61, 1302-1308
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Responses of riboflavin and systolic BP to
intervention with riboflavin (1.6 mg/d for 16 weeks)
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Change in SBP (mmHg)

BP lowering by riboflavin (1.6mg/d)

1 _
-1 -
3 - -9.2 -sfl
mmHg
. 13.6 mmHg
mmHg
-7 -
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-11 -
-13 _
-15 -
54 years 58 years 70 years

Horigan et al. 2010 Wilson etal. 2012 Wilson et al. 2013



Study design: combined TUDA and NANS

NANS study TUDA study
(n 1500) (n 5205)
[ |
/ . \ Cognitive cohort Hypertensive cohort Bone cohort
Excluded: [ (n 1703) } [ (n 2100) (n 1402)
e Taking B-vitamin | |
supplements (n 226)
o MTHFR genotype Excluded:
unavailable {n 348) e Taking B-vitamin supplements (n 792)
o MTHFR genotype unavailable (n 113)
Available NANS sample Available TUDA sample
(n 925) (n 4300)

4[

Combined NANS and TUDA cohorts
(n 5225)

%

MTHFR genotype [

CC CT 1T
(n 2350) (n2261) (n 615)
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Effect of MTHFR genotype on BP by age
TUDA and NANS (n6148)
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Gene-Nutrient interaction and risk of
hypertension
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Riboflavin deficiency
Cheilosis

Comeal ~ Riboflavin
Deficiency

Dermatitis
Glossitis
Cheilosis

Anamia, 9ryﬂ\mid



Riboflavin deficiency

» Clinical signs of B, deficiency in humans appear at
intakes of less than 0.5-0.6 mg/day?

* Riboflavin deficiency commonly seen in developing
countries where rice is the stable diet?

« Sub-optimal status reported in developed countries:
vegans, adolescents (girls) and chronic alcoholics

2Food and Nutrition Board, Institute of Medicine (1998) Riboflavin. Dietary Reference Intakes 87-122
3Boisvert et al. (2003) AJCN 58, 85-90
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Riboflavin sources

Source mg/average serving

< Milk 045
7] Yoghurt 0.35
Egg 0.26

Al f Cheddar Cheese 0.11
- % Bread (Whole-wheat/White) 0.06-009
IS

—



Lifestyle factors targeted to reduce BP

Lifestyle factor SBP decrease (mmHgQ)
Weight loss (per 10 kg) 5-20
[Riboflavin (genotype-specific) 6-13 ]
Physical activity 4-9

Sodium reduction 2-8

Limit alcohol 2-4

Modified from Chobanian et al. 2003 JNC 7 report



Conclusions and future work

What we now know:

* Riboflavin supplementation can significantly lower BP in
premature CVD patients and in hypertensive patients with the
TT genotype

What is yet to be determined:

« Can riboflavin at a dose >1.6mg/d achieve optimal BP
lowering in individuals with the TT genotype?

 What is the mechanism which might explain how this gene-
nutrient interaction affects BP irrespective of current
antinypertensive therapy?
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