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Date of download:  11/12/2023 Copyright 2023 American Medical Association. All Rights Reserved.

From: Effect of Dietary Sodium on Blood Pressure: A Crossover Trial

JAMA. Published online  November 11, 2023. doi:10.1001/jama.2023.23651

Distributions of Within-Individual 24-Hour Ambulatory BP Response to Dietary Sodium Intake, Calculated From High-Sodium Diet Minus Low-Sodium DietBP
indicates blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse pressure; and SBP, systolic blood pressure. Bars above 0 reflect a 
reduction in BP during low-sodium diet vs high-sodium diet; bars below 0 reflect an increase in BP during low-sodium diet vs high-sodium diet. Percentages above 0 
reflect proportion of individuals who experienced a reduction in BP during low-sodium diet vs high-sodium diet; percentages below 0 reflect proportion of individuals 
who experienced an increase in BP during low-sodium diet vs high-sodium diet. P values based on Wilcoxon signed rank test.

Figure Legend: 

Best response
-50 mm Hg

Worst response
+ 38 mm Hg
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Vitamin E supplementation and cancer risk by COMT genotype 

Adapted from Poch et al. Hypertension. 2001;38:1204-1209.

* Relative risk of salt-sensitive hypertension with the GA 
or AA genotype compared to the GG genotype.

Prevalence of salt-sensitive hypertension by ACE genotype

*

0

20

40

60

80

GG GA + AA

Fr
eq

ue
nc

y 
of

 S
al

t-S
en

sit
iv

e 
Hy

pe
rte

ns
io

n 
(%

)

ACE (rs4343) genotype

230%↑risk*

Precision Nutrition

Health
OutcomeNutrition

Genes

Genotype A

Genotype C

Genotype B

Increase

Decrease

No Effect

One size does not fit all



2026-03-25

5

- Lucretius (99-55 BC)

Common Genetic Variants

Human Genetic Variation
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Coffee Intake, CYP1A2 & Risk of Myocardial Infarction

Cornelis et al. JAMA. 2006;295:1135-41.
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Braverman. J Pediatr Adolesc Gynecol,12(1):3-12. (2007)Halbreich. Gynecol Endocrinol , 19(6):320–334. (2004)

• A collection of somatic and behavioral symptoms that affect women late in their luteal phase
• Common symptoms:

• Somatic: bloating, headache, fatigue, and muscle cramps
• Behavioral: anxiety, mood swings, change in appetite, and depression

• ~80% of women experience at least one PMSx

Premenstrual symptoms (PMSx)

Premenstrual symptoms (PMSx)

Biggs et al. (2011). American Family Physician, 84(8), 918–924.
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DSM. 5th ed. American Psychiatric Association; Arlington, VA. (2013) ACOG. Premenstrual Syndrome. ACOG Practice Bulletin. (2000)

Premenstrual Disorders

- PMS ≠ PMS
- Mechanism of each symptom (ie PMSx) could be unique
- Etiology of one symptom ≠ etiology of another 

PMS vs. PMSx
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Age Mental Health Status Lifestyle

Nutrition BMI Genetics 

Risk Factors for PMSx

Current Treatment Methods

Lifestyle Modifications Psychological Interventions Hormonal Medications Antidepressants Ovulation Suppression 
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Micronutrients and PMSx

Toronto Nutrigenomics and Health Study

Study Design
‣ Cross sectional study of 1,600 individuals launched in 2004
‣ 915 female participants, 20-29 years old 
‣ Multiethnic population
General Health and Lifestyle Questionnaire 
‣ Medical conditions and medication usage 
‣ Hormonal contraceptive usage patterns (type, how long)
‣ Physical activity 
‣ PMSx severities 
Dietary Assessment 
‣ Toronto-modified 196-item Harvard food frequency questionnaire
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PMSx Severity Questionnaire

PresentAbsent

Mendelian Randomization
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Iron and PMS
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C282Yrs1800562G >A  
H63Drs1799945C>G 

Ganesh, et al. Nat Genet, 41(11): p.1191-8. (2009)Merryweather-Clarke, AT., et al. Genet Test, 4(2): 183-98. (2000)

SNPs affecting Iron Overload (HFE gene)

TMPRSS6

rs4820226A->G
TFR2

rs7385804A->C
TF

rs3811647G->A
Benyamin, B., et al. Amer J Hum Genet, 84: p60-65. (2009a)Pichler, I., et al. Hum Mol Genet, 20(6): 1232-40. (2011)

SNPs affecting Low Iron Status
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Acne Desire tobe alone Anxiety Increasedappetite Bloating Clumsiness Confusion Cramps Depression Fatigue Headache Insomnia Moodswings Nausea SexualDesire

Odds r
atio (9

5% CI)
= p < 0.05

Premenstrual Symptoms Adjusted for BMI, age, vitamin C and calcium intake

Risk of PMSx with Elevated risk of Iron Overload
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What about other micronutrients?

- Beta-cryptoxanthin associated with moderate/severe premenstrual increased appetite- No observed associations between other plasma carotenoids and other PMSx

Vitamin A and PMSx

Nutrients, 2021
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Acne Desire tobe alone Anxiety Increasedappetite Bloating Clumsiness Confusion Cramps Depression Fatigue Headache Insomnia Moodswings Nausea SexualDesire

Associations between high vitamin C intake and PMSx

Odds r
atio (9

5% CI)

Premenstrual Symptoms Adjusted for age, BMI, ethnicity, PAL, and energy intake

n=555

= p < 0.05

Reference: vitamin C intake  < 75 mg 
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2009

GSTT1 Gene Ins*Ins High
Del*Del Low

Variant
Vitamin C Serum Ascorbic Acid

Genetic Variability in Vitamin C
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Adjusted for age, BMI, ethnicity, PAL, and energy intake

Reference: vitamin C  intake < 75 mg 

0
1
2
3
4

Acne Desire tobe alone Anxiety Increasedappetite Bloating Clumsiness Confusion Cramps Depression Fatigue Headache InsomniaMood swings Nausea Sexual Desire

Associations between vitamin C intake and PMSx in Ins*Ins GSTT1 genotype
Odds r

atio (9
5% CI)

Premenstrual Symptoms= p < 0.05

Adjusted for age, BMI, ethnicity, PAL, and energy intake

Reference: vitamin C intake < 75 mg 
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Associations between vitamin C intake and PMSx in Del*Del GSTT1 genotype

Odds r
atio (9

5% CI)

Premenstrual Symptoms= p < 0.05
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Ascorbic Acid Progesterone Appetite

Hemni, H et al. Fertil Steril. 80(2):459-61 (2003)Gorcyca, AM et al. Eur J Nutr. 55(3): 1181-8 (2016)

Potential Mechanisms 

‣ The role of folate from dietary intakes were found to have no associations with PMSx1
‣ No studies on genetic variability in folate metabolism Functions of folate in relation to PMSx?
‣ Folate deficiency  fatigue, irritability, neurological symptoms
‣ Cofactor required for serotonin and dopamine metabolism2 

1Chocano-Bedoya, P et al. Am J Clin Nutr. 93(5): 1080-6 (2011)2Gao, J et al. Neurotheraputics. 15(1): 156–175. (2018)

Folate and PMS



2026-03-25

21

0

1

2

3

Acne Desire tobe alone Anxiety Increasedappetite Bloating Clumsiness Confusion Cramps Depression Fatigue Headache Insomnia Moodswings Nausea SexualDesire

Associations between high folate intake and PMSx
Odds r

atio (9
5% CI)

Premenstrual Symptoms Adjusted for age, BMI, ethnicity, PAL, energy intake, and vitamin B12 intake 

n = 703

= p < 0.05

Reference: folate intake  < 615 mcg 

MTHFR Gene(rs1801133) TT/CT
Low

CC
High

Genotype
Folate Serum Folate 
Genetic Variability in Folate
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Premenstrual Symptoms

Associations between MTHFR genotype and PMSx [in those with low folate intake ( < 651 mcg)]

TC TT = p < 0.05

n = 357

Adjusted for age, BMI, ethnicity, PAL, energy intake, and vitamin B12 intake 

Reference: CC Genotype

2.4-Fold  risk
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Premenstrual Symptoms

Associations between MTHFR genotype and PMSx [in those with high folate intake ( ≥ 651 mcg)]

TC TT

n = 346

Adjusted for age, BMI, ethnicity, PAL, energy intake, and vitamin B12 intake 
= p < 0.05

Reference: CC Genotype

No effect 
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Folate Depression
1Bender, A et al. J Psych Res. 95, 9-18 (2017). 2Lewis, S.J et al. Molecular Psychiatry. 11(4) 352-60 (2006)

• In the brain, folate is involved in production of dopamine, norepinephrine, and serotonin  implicated in depression1
• British Women’s Heart and Health Study (n=3478): 

• Those with TT (vs CC) genotype of MTHFR (C677T) 37% more likely to have depression2

Potential Mechanisms 
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Vitamin D and PMS

010203040506070

25(OH
)D (nm

ol/L)

Premenstrual Symptom

NoneMildModerate/Severe
P<0.45P<0.98P<0.03 P<0.34 P<0.89 P<0.38 P<0.39P<0.17 P<0.04P<0.001P<0.08 P<0.34P<0.33P<0.04P<0.26

Association between 25(OH)D and Premenstrual Symptoms
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Jarosz et al 2021 Genes & Nutrition

Vitamin D, VDR Genotype and PMS
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VDR Genotype (rs796858)

Association of Vitamin D insufficiency and Premenstrual Fatigue by VDR Genotype 
Series1 Series2 = p < 0.015

CC CT TT

Insufficient 25(OH)D Sufficient 25(OH)D

Jarosz et al 2021 Genes & Nutrition

Vitamin D and PMS
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Unpublished Studies (2026)



2026-03-25

27

Vitamin B6 

Vitamin B6

Cognitive function

Protein metabolism

Immune function

Biosynthesis of neurotransmitters

Hemoglobin formation

Social functioning

National Institutes of Health. (2023). Office of Dietary Supplements - Vitamin B6. Nih.gov
Tomioka et al., (2018). Decreased serum pyridoxal levels in schizophrenia: meta-analysis and Mendelian randomization analysis. Journal of Psychiatry and Neuroscience, 43(3), 194–200. 

Pyridoxine (Vitamin B6) 

 Water-soluble vitamin
 Absorbed in the jejunum
 Activated in the liver to pyridoxal-5′-phosphate (PLP)

 RDA: 1.3 mg/day for adults aged 19 to 50 
 One-carbon metabolism

 Involved in over 100 enzymatic reactions
Figure created by BioRender & Canva
National Institutes of Health. (2023). Office of Dietary Supplements - Vitamin B6. Nih.gov. 
Tomioka et al., (2018). Decreased serum pyridoxal levels in schizophrenia: meta-analysis and Mendelian randomization analysis. Journal of Psychiatry and Neuroscience, 43(3), 194–200. 
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ALPL 

 alkaline phosphatase, biomineralization associated (ALPL) → 𝐴𝑙𝑘𝑎𝑙𝑖𝑛𝑒 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑎𝑠𝑒 (𝐴𝑃)
 Important for vitamin b6 clearance & neurodevelopment

 SNP: rs4654748
 C allele carrier. ~ Lower circulating PLP levels vs. T allele carriers

ALPL alkaline phosphatase, biomineralization associated [Homo sapiens (human)] - Gene - NCBI. (2025, September 27). ncbi.nlm.nih.
Tournis, S., Yavropoulou, M., Polyzos, S., & Doulgeraki, A. (2021). Hypophosphatasia. Journal of Clinical Medicine, 10(23), 5676.
rs4654748 Report. NCBI. (2024). Nih. gov. 
Figure created by BioRender
Hazra et al., (2009). Genome-wide significant predictors of metabolites in the one-carbon metabolism pathway. Human Molecular Genetics, 18(23), 4677–4687. 

Vitamin B6 and PMSx 

• Vitamin B6 ~ significant positive effects on the psychological PMSx inwomen with PMS
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Acne in Caucasians stratified by vitamin B6 intake and 
genotypes 

Unpublished Results

Potential Mechanisms   

 Lower vitamin B6 intake x C allele~ ↓ Acne
 High vitamin B6 ~ ↑ Acne
 C allele ~ More efficient clearance activity = Less circulating vitamin B6 → ↓ Acne

Zamil et al., (2020). Acne related to to dietary supplement. Dermatol Online J, 15(25), 8.
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PMSx Management

SSRIs

Serontonin

5-HT
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Dietary Tryptophan Sources

5-HT

5-HTP

Tryptophan

Serotonin

Huang, C., van Wijnen, A. J., & Im, H.-J. (2023). The Journal of Pain, 25(3). 
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 Serotonin transporter (5-HTT)
 Gene: SLC6A4 

 rsXXXX
 rsXXXX

Genetic Variation in the Serotonin Transporter

Serotonin, Tryptophan and PMSx
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Depression stratified by tryptophan intake

Unpublished Results

OR = 2.04
(0.91, 4.56)

Anxiety stratified by tryptophan intake
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Mood swings stratified by tryptophan intake

Unpublished Results

• Potential benefits of micronutrient intake in PMSx
• Understanding of genetic variation 
• Precision Nutrition Recommendations

Implications
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• Scientific evidence is robust (for some markers)

• Information is actionable and “personalized”

• Increasing consumer awareness and demand

• Improved compliance (evidence from RCT)

• More effective through HCPs, rather than DTC

• Independent of ethnic background

Is DNA-Based Advice Ready for Prime-Time?

Benefits of Genetic Testing

 Improved nutritional status

 Greater weight loss

 Improved compliance

 Enhanced motivation

 Better understanding of dietary advice
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Email:     a.el.sohemy@utoronto.ca

Thank you
Q&A

If not available, Enter ‘0000’ for registration number

Enter ‘NANP’ under Notes/Comments 
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Use promo code NANP

for 50% off self-test


