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MTHFR and One-Carbon Metabolism
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Characteristics of the 

MTHFR C677T Polymorphism

◼ Alanine --> Valine

◼ Thermolabile (activity reduced by 

exposure to heat)

◼ Reduced affinity for CH2=THF and FAD

◼ Prevalence of TT form:

◼ 10-15% in general population

◼ Lower in Africans

◼ Higher in Hispanics 

◼ Associated with …

◼ Low folate status

◼ Elevated homocysteine



MTHFR C677T and Disease Risk
Representative Meta-Analyses

Condition
Odds Ratio Associated

with 677T Allele
Reference

Neural Tube Defects 1.72 (1.36, 2.17) Yang et al, 2015

Congenital Heart Defects 1.35 (1.11, 1.64) Zhang et al, 2018

Premature Coronary Heart Disease 1.17 (1.01, 1.34) Hou et al, 2015

Ischemic Stroke 1.29 (1.18, 1.42) Song et al, 2016

Acute Lymphoblastic Leukemia (ALL) 0.89 (0.80, 0.99) Zhang et al, 2017

Colorectal Cancer 0.96 (0.94, 0.99) Xu et al, 2017

Breast Cancer 1.17 (1.04, 1.30) He and Shen, 2017

Ovarian Cancer 1.17 (1.05, 1.29) He and Shen, 2017



MTHFR Genotype and Blood Pressure
Genome-Wide Association Study (GWAS)

Regional Association Plot

Newton-Cheh et al, Nature Genetics, 2009



MTHFR 677TT Genotype, CVD and BP

Author n Cohort OR (95% CI) Outcome

Klerk et al. 2002 23,920 CHD patients 1.16 (1.05, 1.28) ↑ HD

Wald et al. 2002 16,849 CVD patients
1.42 (1.11, 1.84)

1.65 (0.66 to 4.13)

↑ HD

↑ Stroke

Holmes et al. 2011 59,995 Stroke patients 1.37 (1.25, 1.50) ↑ Stroke

Qian et al. 2007
2814 cases

3099 controls

Hypertensive 

patients
1.24 (1.02, 1.50) ↑ BP

Niu et al. 2012
1520 cases

1334 controls

Hypertensive 

patients
1.87 (1.31, 2.68) ↑ BP

Yang et al. 2014
5418 cases

4997 controls

Hypertensive 

patients
1.59 (1.32, 1.92) ↑ BP

Wu et al. 2014
5207 cases

5383 controls

Hypertensive 

patients
1.62 (1.32, 1.99) ↑ BP

McNulty et al, Molecular Aspects of Medicine, 2017 Table courtesy of Helene McNulty



Effect of MTHFR Genotype on BP by Age
Effect Modification by Riboflavin Status

Ward et al, BMC Medicine, 2020

*OR 3.00 (1.34, 6.68), p = 0.007

*

Figures and data courtesy of Helene McNulty



Blood Pressure in CVD Patients by 

MTHFR Genotype
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Slide courtesy of Helene McNulty



Riboflavin Has a Novel Role in Treating Hypertension 
Specifically in the MTHFR TT genotype
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Wilson (2013) showed in hypertensive patients without overt CVD:

• Blood pressure in treated patients with the MTHFR TT genotype responded 

significantly to riboflavin supplementation (1.6 mg/d for 16 weeks)

• As a result of riboflavin supplementation, there was a marked improvement 

in blood pressure control which increased from 39% pre-intervention to 58% 

post-intervention (without any change in BP medications during the period of 

riboflavin intervention)

Lowering Blood Pressure with Riboflavin
Additional RCTs

Am J Clin Nutr 2012;95(3):766-72. 
Hypertension 2013;61:1302-8. 

Slide (with modifications) courtesy of Helene McNulty



Lowering of Blood Pressure with Riboflavin
Comparison with Other BP Lowering Interventions

Data (modified) from Chobanian et al. 2003 

*Data from 3 published trials from Ulster: Horigan et al 2010; Wilson et al 2012 & 2013

*

Figure and data courtesy of Helene McNulty



Folate, Riboflavin, Biopterin, and 

Nitric Oxide Interrelationships

BH4

MethyleneTHF
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1 MethylTHF protects BH4 from oxidation
2 MTHFR/FAD catalyzes reduction of BH2 to BH4
3 FAD/FMN serve as cofactors for NO synthesis



Frequency of MTHFR 677TT Genotype Worldwide

Wilcken et al, J Med Genet, 2003
Slide courtesy of Helene McNulty



Riboflavin (B2)
Global Deficiency

Countries/Regions with Reported Deficiency

▪ Côte d'Ivoire

▪ Cambodia (urban and rural)

▪ Canada (Vancouver area)

▪ Kenya

▪ Zambia

Conditions Associated with Deficiency 

▪ Monotonous diets, low in animal source foods 

(meats, eggs, milk)

▪ Gastrointestinal infections

Prevalence of Functional Deficiency in 

Ireland and Canada*

NANS: National Adult Nutrition Survey of free living younger Irish 

adults aged 18-45 years.

TUDA: Trinity Ulster Department of Agriculture Aging Cohort 

Study of free living older Irish adults aged ≥60 years.

Canada Young Adults: Convenience sample of free-living women 

of childbearing age (25-45 years) sampled by University of British 

Columbia.

Canada Older Adults: convenience sample of elderly, 

institutionalized adults sampled by University of British Columbia.

*Data courtesy of Helene McNulty

Titcomb & Tanumihardjo, Comp Rev Food Sci Food Safety, 2019



Hypertension – A Global Health Concern
Mortality Due to Global Risk Factors

Hypertension 

Attributable Deaths in 
Thousands

Lopez et al, Lancet, 2006 Slide courtesy of Helene McNulty



Lewington et al, Lancet, 2002

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

Potential Impact of Reducing BP

Each 2 mmHg 

decrease in SBP

10% reduction 

in risk of 

stroke 

mortality

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

Slide courtesy of Helene McNulty



Hughes et al, JAMA, 2020

Blood Pressure Lowering and 
Risk of Dementia or Cognitive Impairment



Hughes et al, JAMA, 2020

Blood Pressure Lowering and 
Risk of Dementia or Cognitive Impairment



Smith et al, PLoS One, 2010

Effect of Homocysteine Lowering on Brain Atrophy
Folic Acid, B6, and B12

Placebo B Vitamins

∆Hcy: 22 to 30 µmol/L

Atrophy Rate: 2.5%/yr
∆Hcy: 24 to 12 µmol/L

Atrophy Rate: 0.46%/yr

Question: What about riboflavin?



Riboflavin and Age-Associated Cognitive Decline
Data Limited to Dietary Intake

▪ High dietary intake pattern of riboflavin, folate, vitamin B12, and vitamin D associated with 

enhanced cognitive performance in healthy older adults (N=116; age 65-75 y). Zwilling et al, 2019

▪ High dietary intake of riboflavin in older adults (N=16,948; age 45-74 y at baseline) associated with 

lower cognitive impairment after ~20-year follow-up. Sheng et al, 2019

▪ Low dietary intake of riboflavin in older adults (N=237; ≥65 y) associated with increased rate of 

cognitive decline over ~6-year follow-up. Araki et al, 2017 

No studies found assessing associations between riboflavin status and age-associated 

cognitive dysfunction, nor assessing the effect of riboflavin supplements on cognitive decline 

or risk of Alzheimer’s disease and other forms of dementia. 



A Brief Mention of ‘Cytoflavin’

▪ Cytoflavin®: Inosine (50 mg) + Succinic Acid (300 mg) + Nicotinamide (25 mg) + Riboflavin (5 mg)

▪ Drug used primarily in Russia, most publications on Pubmed in Russian journals

▪ Currently in clinical trials in Russia

▪ Publications and trials focused on improving brain function and cognitive functions in:

▪ Acute cerebrovascular accident (ischemic stroke)

▪ Cerebrovascular disease

▪ Toxic and hypoxic encephalopathy

▪ Post-anesthetic depression of consciousness

▪ Cognitive decline after major surgery

▪ Head trauma, traumatic brain injury

▪ Diabetic neuropathy

▪ Elderly alcoholics 

▪ No publications or trials on treatment or prevention of age-related cognitive decline, Alzheimer’s 

disease, or other forms of dementia



Summary

▪ The active form of riboflavin, FAD, serves as a cofactor for the MTHFR enzyme, which is central to 

folate and one-carbon metabolism.

▪ The common MTHFR C677T polymorphism affects blood folate and homocysteine levels, and is 

associated with risk of NTDs, various cancers, vascular diseases (particularly stroke), and blood 

pressure/hypertension.  

▪ The association between MTHFR C677T and blood pressure/hypertension is modified by riboflavin 

status, and in homozygous carriers of the variant form of MTHFR (677TT), riboflavin supplements 

significantly reduce systolic and diastolic blood pressure.

▪ Mid-life hypertension and hyperhomocysteinemia are associated with increased risk of late-life 

cognitive impairment and dementia.  Lowering of blood pressure and/or homocysteine with 

riboflavin supplements in MTHFR 677TT individuals represents a potential, but untested strategy 

for reducing risk of cognitive decline and dementia in older adults.

▪ Studies assessing the influence of riboflavin on cognitive function in older adults are limited to 

dietary intake.  No studies have assessed associations with riboflavin status or effects of riboflavin 

supplements.


