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Canadian researchers at the University of Toronto 
have conducted a novel study that links vitamin 
C consumption, serum ascorbic acid levels, and 
GSTT1 / GSTM1 genotype. Their findings add to 
one other study that associated low ascorbic acid 
concentrations with the GSTT1 null genotype. 
Together, these studies indicate how individuals 
with nonfunctional copies of GSTT1 and GSTM1 
can mitigate against the harmful health implica-
tions of vitamin C deficiency. 

To date, vitamin C is known to inhibit oxidative 
damage. Serum ascorbic acid levels have also 
been shown to be inversely correlated with risk 
of cardiovascular disease, blood pressure, hsCRP, 
diabetes, BMI, waist-to-hip ratio, cancer, and all 
cause mortality. Despite the well-established 
benefit of optimal serum ascorbic acid levels, 
deficiencies are common: 11-17% of young adults 
in Canada are deficient. 

While the current recommended daily amount 
of vitamin C is 75 mg for women and 90 mg for 
men, there are considerable differences in serum 
acid levels when the same amount of vitamin C is 
consumed by different people.

As ascorbic acid and glutathione have been 
shown to be interdependent, protecting each 
other from oxidation, and as serum ascorbic 
acid levels differ with different GST genotypes, 
researchers in Toronto attempted to determine 

the relationship between vitamin C consumption, 
serum ascorbic acid levels, and GST genotype.

They took 1090 Canadian men and women 
of different ethnicities aged between 20-29 
years old. All were recruited from the Toronto 
Nutrigenomics and Heath Study.

KEY FINDINGS:

•   31% of individuals were deleted for GSTT1

•   A significant diet-gene interaction between 
dietary vitamin C, GSTT1 & GSTM1 

•   GSTT1 deleted individuals who did not meet 
the RDA for vitamin C had a 12-fold risk of 
vitamin C deficiency

•   This deficiency was present, though less sig-
nificant, for GSTM1 deleted genotypes

•   Individuals who met the RDA for vitamin 
C had adequate serum ascorbic levels 
regardless of genotype

The researchers concluded that, “identifying 
and targeting young individuals at risk of serum 
ascorbic acid deficiency could have important 
public health implications.”

The study has important and practical implica-
tions. Firstly, it could explain some of the incon-
sistencies in studies that have examined GST 
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genotype, heart disease, and cancer. If serum 
ascorbic acid levels are hugely lower in GSTT1 / 
GSTM1 deleted genotypes who fail to consume 
the RDA of vitamin C, and as low serum ascorbic 
acid is factor in heart disease and cancer, then 
GST genotype coupled with vitamin C consump-
tion explains these inconsistencies: inadequate 
dietary vitamin C plus deleted GSTT1 / GSTM1 
equals higher risk of heart disease and cancer. 

Additionally, GST genotype could explain other 
chronic health conditions associated with low 
serum ascorbic acid, including obesity, BMI, 
waist-to-hip ratio, and high hsCRP.

Practically, individuals who are GSTT1 or GSTM1 
deleted should be advised to consume at least 
the recommended daily amount of vitamin C (75-
90 mg) from dietary sources. Should this prove 
difficult then a very low dose vitamin C supple-
ment could be given as an insurance. There 
is currently no evidence that high dosages of 
vitamin C interact with GST genotype to afford 
greater protection. 

RESOURCES:

1.  Boekholdt, S.M., Meuwese, M.C., Day, N.E., 
Luben, R., Welch, A., Wareham, N.J., and Khaw, 
K.-T. (2006). Plasma concentrations of ascorbic 
acid and C-reactive protein, and risk of future 
coronary artery disease, in apparently healthy 
men and women: the EPIC-Norfolk prospective 
population study. British Journal of Nutrition 
96, 516–522.

2.  Cahill, L., Corey, P.N., and El-Sohemy, A. (2009). 
Vitamin C Deficiency in a Population of Young 
Canadian Adults. Am. J. Epidemiol. 170,  
464–471.

3.  Cahill, L.E., Fontaine-Bisson, B., and El-Sohemy, 
A. (2009). Functional genetic variants of 
glutathione S-transferase protect against 
serum ascorbic acid deficiency. Am J Clin Nutr 
90, 1411–1417.

4.  Dušinská, M., Ficek, A., Horská, A., Rašlová, K., 
Petrovská, H., Vallová, B., Drlicková, M., Wood, 
S.G., Štupáková, A., Gašparovič, J., et al. (2001). 
Glutathione S-transferase polymorphisms 
influence the level of oxidative DNA damage 
and antioxidant protection in humans. Muta-
tion Research/Fundamental and Molecular 
Mechanisms of Mutagenesis 482, 47–55.

5.  Hughes, R.E. (1977). Nonscorbutic effects of 
vitamin C: biochemical aspects. Proc R Soc 
Med 70, 86–89.

6.  Johnston, C.S., Beezhold, B.L., Mostow, B., and 
Swan, P.D. (2007). Plasma Vitamin C Is Inversely 
Related to Body Mass Index and Waist 
Circumference but Not to Plasma Adiponectin 
in Nonsmoking Adults. J. Nutr. 137, 1757–1762.

7.  Montecinos, V., Guzmán, P., Barra, V., Villagrán, 
M., Muñoz-Montesino, C., Sotomayor, 
K., Escobar, E., Godoy, A., Mardones, L., 
Sotomayor, P., et al. (2007). Vitamin C Is an 
Essential Antioxidant That Enhances Survival 
of Oxidatively Stressed Human Vascular 
Endothelial Cells in the Presence of a Vast 
Molar Excess of Glutathione. J. Biol. Chem. 
282, 15506–15515.

GLUTATHIONE  
S-TRANSFERASE T1 
GSTT1

G
LU

TA
TH

IO
N

E
 S-TR

A
N

SFER
A

SE
 T1 

G
ST

T1

albertcochet
Texte surligné 



© 2014 Younique Genomics™

SNP SUMMARIES

8.  Moran, J.P., Cohen, L., Greene, J.M., Xu, G., 
Feldman, E.B., Hames, C.G., and Feldman, D.S. 
(1993). Plasma ascorbic acid concentrations 
relate inversely to blood pressure in human 
subjects. Am J Clin Nutr 57, 213–217.

9.  Ozmen, H., Erulas, F.A., Karatas, F., Cukurovali, 
A., and Yalcin, O. (2006). Comparison of the 
concentration of trace metals (Ni, Zn, Co, Cu 
and Se), Fe, vitamins A, C and E, and lipid 
peroxidation in patients with prostate cancer. 
Clin. Chem. Lab. Med. 44, 175–179.

10.  Paolisso, G., D’Amore, A., Balbi, V., Volpe, 
C., Galzerano, D., Giugliano, D., Sgambato, 
S., Varricchio, M., and D’Onofrio, F. (1994). 
Plasma vitamin C affects glucose homeostasis 
in healthy subjects and in non-insulin-
dependent diabetics. Am. J. Physiol. 266, 
E261–E268.

11.  Simon, J.A., Hudes, E.S., and Tice, J.A. (2001). 
Relation of serum ascorbic acid to mortality 
among US adults. J Am Coll Nutr 20, 255–263.

GLUTATHIONE  
S-TRANSFERASE T1 
GSTT1

G
LU

TA
TH

IO
N

E
 S-TR

A
N

SFER
A

SE
 T1 

G
ST

T1


