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INTRODUCTION  

One of the greatest technological accomplishments of the last 100 years has been the 

complete mapping of the human genome, first announced in 2003. This has given scientists 

a greater understanding of the mechanisms of health and disease at a molecular level, 

forever changing the face of clinical diagnosis and treatment.  

John Bell describes the impact of genomic medicine as follows: “Information from the human 

genome sequence will eventually alter many aspects of clinical practice. It will increase our 

understanding of disease mechanisms, and guide the development of new drugs and 

therapeutic procedures. In the short term, however, knowledge of the genome will have a 

profound clinical impact on the diagnostic capability of clinical genetics laboratories. 

Molecular testing using genetic and genomic information will allow early and more accurate 

prediction and diagnosis of disease and of disease progression. Medicine will become 

oriented towards disease prevention rather than efforts to cure people at late stages of 

illness”. 

 

The role of diagnostics, driven by genetics and the discovery of biomarkers will grow. Early 

diagnosis, targeted therapy and disease monitoring will replace the current paradigm of late-

stage diagnosis and therapy (Bell 2004). 

The genes we carry significantly impact our health and susceptibility to various diseases. 

The discovery of prognostic genetic markers is increasing at an astonishing rate, and 

continues to improve target identification, test accuracy, disease detection and treatment 

selection.  

Nutritional genomics, which studies the genome-wide influences of nutrition, has far-

reaching potential in the prevention of diet-related disease. It is highly likely that during this 

decade the nutritional supplement, food industries and healthcare companies will grow in 

response to advances in nutritional genomics research and its applications. Parallel to this 

growth will be impressive progress in understanding the specific influence of certain food 

components on metabolic pathways and on long-term risk for disease. As genetic 

information about individuals becomes available, such data are likely to redefine the current 

concept of preventive medicine. Dietitians and other health professionals have the potential 



to harness this information and influence health promotion and disease prevention on a 

global scale (DeBusk, et al. 2005).  

Nutritional genomics has tremendous potential to change the future of dietary guidelines and 

personal recommendations. It will provide the basis for personalized dietary 

recommendations based on the individual’s genetic makeup. This approach has been used 

for decades for certain monogenic diseases; however, the challenge is to implement a 

similar concept for common multifactorial disorders and to develop tools to detect genetic 

predisposition and to prevent common disorders decades before their manifestation 

(Ordovas 2005).  

South Africa is afflicted by an increasing burden of disease with the rapidly increasing 

prevalence of obesity, diabetes, and cardiovascular disease. More than 55% of South 

African women are overweight or obese, and it has been estimated that approximately 1.5 

million South Africans live with diabetes (Steyn et al 2006). Many of these debilitating 

chronic diseases we encounter are preventable with appropriate diet and lifestyle choices.  

This is an exciting time in the field of nutrigenomic research, because despite the significant 

gains that have been made in understanding diet-gene interaction, our knowledge is still 

increasing rapidly. DNAlysis is for the first time in SA providing the opportunity for individuals 

to incorporate genetic knowledge into their everyday lifestyle choices at an affordable price, 

and thereby reap the benefits of many years of comprehensive research.  

  



GENETIC VARIANTS ASSOCIATED WITH HEART HEALTH  

Background  

Atherosclerotic and thrombotic diseases of the cardiovascular system, including myocardial 

infarction, stroke, peripheral vascular disease, and venous thromboembolism are major 

causes of death and morbidity. Dramatic strides in unravelling the environmental influences 

on classic complex cardiovascular disease have translated into major public health efforts to 

alter lifestyle and diet.  

Nutrition has been largely recognized as an important factor in the prevention of 

cardiovascular disease. Among dietary factors, total dietary fat and the different types of fat 

have been mostly studied. The individual fatty acids (FA) found in different foods has been 

strongly related to lipid metabolism and consequently to metabolic risk factors and the risk of 

cardiovascular disease. However, these associations are potentially modulated by variations 

in genes that play a function in FA metabolism.  

Single-gene defects affect a relatively small subset (5-10%) of patients at high risk of 

premature coronary heart disease, while multiple gene variations with minor effects 

contribute to CVD risk in the vast majority of individuals in the general population. Such 

multigenic effects depend predominantly on environmental influences, which imply that most 

premature cardiovascular deaths can be prevented if action is taken to avoid or modify 

external exposures that may cause a genetic predisposition to become clinically relevant. 

 

Gene Name: Apolipoprotein C-III (APOC3)  

Polymorphism: C3175G  

Function: APOC3 is a protein that plays an important role in lipid metabolism. It inhibits 

lipoprotein lipase and hepatic lipase, two enzymes responsible for fat catabolism. A positive 

correlation has been observed between raised plasma APOC3 levels and elevated levels of 

plasma triglycerides, indicating that APOC3 can be a relevant predictor of dietary LDL-C 

response (Aalto-Setala, et al. 1992). Carriers of the G allele have consistently been shown to 

have higher circulating levels of APOC3 and hence raised plasma triglyceride levels. 

Delayed clearance of triglyceride-rich lipoproteins results in hypertriglyceridemia, a disorder  

that is a strong contributing factor for atherosclerosis and myocardial infarction (Ginsberg, et 

al. 1995). Carriers of the G variant (5-10% of the Caucasian population) have an 

approximately 4-fold increased risk of hypertriglyceridemia (Surguchov, et al. 1996).  



Despite these risk factors, carriers of the G allele also show greatest responsiveness to 

altered dietary fat intake. Thus their increased risk of cardiovascular disease is modifiable by 

regulation of the amount and type of fat consumed. Carriers of the G variant may also show 

enhanced benefit to statin therapy. 

 

Gene Name: Lipoprotein Lipase (LPL)  

Polymorphism: C1595G (Ser447Stop)  

Function: LPL is found in many tissue types, and is a key enzyme in the metabolism of 

triglyceride-rich lipoproteins. It is anchored to the vascular endothelium and removes lipids 

from the circulation by hydrolysing triglycerides present in VLDL into free fatty acids. The 

beneficial C1595G polymorphism results in a slightly shortened form of the protein due to the 

insertion of a premature stop codon.  

The C1595G variant is a strong indicator of body fat, fat distribution, plasma lipids and 

insulin concentrations (Ukkola, et al. 2001). In subjects homozygous or heterozygous for the 

G allele (CG or GG individuals), plasma VLDL and triglyceride levels are lower, and HDL 

levels higher, compared to individuals carrying the C allele. Carriers of the G allele also tend 

to have lower blood pressure, all of which have a protective effect against cardiovascular 

disease. 

 

Gene Name: Cholesterol Ester Transfer Protein (CETP)  

Polymorphism: G279A  

Function: CETP plays a key role in the metabolism of high-density lipoproteins (HDL). It 

mediates the exchange of lipids between lipoproteins, resulting in the eventual uptake of 

cholesterol by hepatocytes (reverse cholesterol transport). High plasma CETP concentration 

is associated with reduced HDL concentrations and is a strong and independent risk factor 

for CAD.  

The 279A allele is associated with reduced plasma CETP levels, increased HDL levels and 

reduced risk of cardiovascular disease. Conversely, the G allele is associated with increased 

plasma CETP levels, reduced HDL-C levels and increased cardiovascular disease risk. GG 

individuals, who have the least favourable lipid profile and hence the greatest risk, respond 

particularly well to Statin therapy, effectively abolishing the increased risk posed by the 

genotype. AA individuals do not respond to Statin therapy (Kuivenhoven, et al. 1998). 

Additionally, a linoleic acid-enriched, low cholesterol diet is effective in decreasing VLDL-C 



and LDL-C levels in GA individuals (Dullaart, et al. 1997). The effect of this genotype in 

response to dietary change has been confirmed more recently by both Weggemans 

(Weggemans, et al. 2001) and Wallace et al (Wallace, et al. 2000). 

 

Gene Name: Apolipoprotein A 1 (APOA1)  

Polymorphism: G-75A  

Apolipoprotein A1 is the main protein in HDL-C and regulates production of HDL-C (Chhabra 

et al. 2005). In individuals with the GG genotype, higher dietary PUFA intake is associated 

with lower HDL-C levels. Keep PUFA intake at 4% or less of total daily energy intake. In GA 

and AA individuals, a higher PUFA intake is associated with higher HDL-C levels (Joffe et al. 

2013). Aim for an intake of PUFA at 8% or greater of total daily energy intake and maximise 

the n-3 component of the total PUFA intake. 

 

Gene Name: Apolipoprotein E (APOE)  

Polymorphism: E2 / E3 / E4  

Function: Apolipoprotein E has a multi-functional role in lipoprotein metabolism and is 

essential for the normal catabolism of triglyceride-rich lipoprotein constituents (Huang et al. 

1999), acting as a high-affinity ligand for receptors of the LDL receptor family, which include 

LDL receptor, the LDL receptor-related protein, the VLDL receptor and the apoE receptor 2 

(Strickland et al. 2002). Two SNPs result in three allelic isoforms, affecting the protein 

conformation and thus the receptor binding activity and lipoprotein preference of the APOE 

protein (Minihane, et al. 2007). ApoE2 contains 112 Cys/158 Cys, apoE3 112 Cys/158 Arg, 

and apoE4 112 Arg/158 Arg (Weisberger et al. 1981). 

APOE3 is the neutral isoform (Minihane, et al. 2007). The E4 isoform contributes toward a 

40 to 50% increased risk of CVD, which is due to higher levels of total- and LDL cholesterol 

(Minihane, et al. 2007). Increased oxidative status and vascular inflammation, may also 

contribute to the adverse cardiovascular effects of this genotype (Jofre-Monseny et al. 

2008). 

In a study conducted on 1057 diabetic 2 patients, from the Fremantle Diabetes Study, of 

Southern European and Anglo-Celt origin, E2 carriers had the least atherogenic serum lipid 

profile, while E4 carriers had a significantly higher mean serum total and low-density 

lipoprotein (LDL) cholesterol than non-E4 carriers. The presence of APOE4, but not the 

ethnic background, was also a significant determinant of cardiac mortality (Wendy et al. 



2010). E4 carriers are hyper-responsive to toxins such as alcohol and smoking, as well as 

the total fat and fatty acid content of the diet. E4 individuals have a greater anti-oxidant 

requirement (Minihane, et al. 2007). 

In general, E2 carriers have lower total cholesterol levels (Minihane, et al. 2007 and Wendy 

et al. 2010). There is some suggestion that the APOE E2 allele may have a slight protective 

effect against CVD, however, despite lower cholesterol levels, E2 carriers are not immune to 

dyslipidaemia and raised triglycerides. E2 carriers appear to respond less to dietary 

intervention, but appear to be more responsive to statin therapy (Minihane, et al. 2007). 

 

GENETIC VARIANTS ASSOCIATED WITH B VITAMIN PATHWAYS 

Background 

Folate is a water-soluble vitamin classified as part of the B group of vitamins. Being water 

soluble, its content is significantly reduced when cooked; the processing of whole grain 

wheat into flour, for example, removes 68% of the folate content. It has been estimated that 

only about 20-25% of the folate content of food is biologically available. Low folate has been 

associated with increased risk of elevated homocysteine levels, cardiovascular disease, 

some forms of cancer and neural tube defects. 

 

Gene Name: Methylenetetrahydrofolate Reductase (MTHFR)  

Polymorphism: C677T and A1298C  

Function: MTHFR is the key enzyme in the folate metabolism pathway. It directs folate from 

the diet either to DNA synthesis or to homocysteine remethylation, a process by which 

homocysteine is converted back to Methionine. The two polymorphisms described occur at 

relatively high frequencies in the population, approximately 10-30%, and lower the activity of 

the MTHFR enzyme (Ueland, et al. 2001). The T allele of the C677T polymorphism alters the 

protein structure such that activity and stability of the enzyme are reduced, the TT genotype 

reduces MTHFR enzymer activity by as much as 70%, whereas the A1298C polymorphism 

affects enzyme regulation by S-adenosylmethionine (Weisberg, et al. 2001). There is 

substantial evidence that individuals possessing these polymorphisms have increased 

requirements for folate, and tend to respond rapidly to increased folic acid intake and 

supplementation.  

The C677T polymorphism has been consistently linked with elevated plasma homocysteine 

levels (Botto and Yang 2000) especially when folate levels in the diet are low (Rozen 2000). 



Several studies have shown that doses of folic acid in the range of 0.5-2.0mg normalized the 

levels of folate in 677TT individuals to a level equivalent to 677CC individuals. In a recent 

meta-analysis covering over 20 000 individuals, Wald et al concluded that there is strong 

evidence of a causal relationship between homocysteine and cardiovascular disease, and 

that lowering homocysteine by 3umol/l would reduce the risk of ischemic heart disease by 

16%, deep vein thrombosis by 25% and stroke by 24% (Wald, Law and Morris 2002). They 

showed that a significantly higher risk of both ischemic heart disease and deep vein 

thrombosis existed in individuals with the MTHFR variation. 

  

Gene Name: Methionine Synthase (MTR)  

Polymorphism: A2576G  

Function: Methionine Synthase encodes the enzyme that catalyzes the remethylation of 

homocysteine to Methionine. There is a common polymorphism which affects the functional 

site of the protein and hence the levels of circulating folate and homocysteine. Homocysteine 

levels tend to be lower in the presence of the polymorphism, and there is a dose-dependent 

decline across AA, AG and GG genotypes. It appears that the polymorphism increases the 

activity of the enzyme, enhancing the conversion of homocysteine to Methionine, and 

reducing homocysteine levels; this is thus a beneficial variant (Chen, et al. 2000).  

In addition to lowering homocysteine levels, it has been found that AG individuals have fewer 

vascular events than would be expected. The AG genotype is also a significant predictor for 

the recurrence of cardiac events, with carriers of this genotype 3.4 times less likely to have a 

recurrent myocardial infarction, heart failure or bypass surgery (Hyndman, et al. 2000). 

 

Gene Name: Methionine Synthase Reductase (MTRR)  

Polymorphism: A66G  

Function: MTRR catalyzes methylcobalamin, an essential cofactor of methionine synthase 

(MTR), which is essential for maintaining adequate intracellular pools of methionine and  

which is responsible for maintaining homocysteine concentrations at non-toxic levels. The 

A66G polymorphism was also shown to be a risk factor for premature coronary artery 

disease (CAD) by Brown (Brown, et al. 2000) who found that GG individuals have a relative 

risk of CAD of 1.49 compared with AA individuals, and concluded that the GG genotype is 

indeed a significant risk factor for the development of premature CAD, but by a mechanism 

independent of the detrimental vascular effects of hyperhomocysteinemia.  



The A66G polymorphism in this gene has a frequency of approximately 51% in Caucasians 

and has also been found to increase the risk of Neural Tube Defects (NTDs) when 

cobalamin (Vitamin B12) status is low (Botto and Yang 2000). 

 

Gene Name: Cystathionine Beta Synthase (CBS)  

Polymorphism: C699T and T1080C  

Function: CBS catalyses the conversion of homocysteine to cystathione, an enzyme 

deficiency results in homocystinuria. CBS is directly involved in the removal of homocysteine 

from the methionine cycle, thus any alterations in its activity could affect homocysteine 

levels. Two single nucleotide polymorphisms in the CBS gene, C699T and T1080C, are 

associated with decreased risk of CAD and increased responsiveness to the homocysteine-

lowering effects of folic acid. In one study, individuals homozygous for 699T were 

significantly underrepresented in CAD patients as compared to controls (4.9% vs. 17.3%), as 

were individuals homozygous for the 1080C allele (29.6% vs. 44.2%). Additionally, 699T and 

1080C homozygous individuals were the most responsive to folate supplementation: in one 

study 699T homozygotes lowered homocysteine levels by 13.6% on average, compared to 

4.8% lowering in 699C homozygotes, while 1080C homozygotes lowered 12.9% compared 

to just 2.7% for 1080T homozygotes (Kruger, et al. 2000) . These observations suggested 

that specific CBS alleles are a risk factor for the development of vascular disease and that 

genetic information could be predictive of individual response to folic acid supplementation  

The two polymorphisms described here do not result in changes to protein structure, and 

hence they are unlikely to directly affect protein functioning. However they appear to be 

strongly linked to an as yet undetected functional polymorphism, which makes their 

screening relevant. 

 

GENETIC VARIANTS ASSOCIATED WITH ANTIOXIDANT STATUS AND 

DETOXIFICATION 

Background  

Free radicals are a normal by-product of the body’s energy-generating biochemical 

processes. They are highly reactive with other molecules, and can damage DNA, proteins 

and cellular membranes. Anti-oxidants are free radical scavengers that interact with the free 

radical to ensure it is no longer a reactive molecule. Anti-oxidants are found naturally in the 

body in the form of enzymes, but can also be consumed in a wide variety of foods, especially 



vegetables and fruits, as well as green tea and red wine. A low consumption of fruit and 

vegetables has been linked with an increased risk for a variety of illnesses, attributed to the 

build-up of damaging free radicals. 

 

Gene Name: Endothelial Nitric Oxide Synthase (eNOS)  

Polymorphism: G894T  

Function: The endothelium-derived nitric oxide (NO) plays a key role in the regulation of 

vascular tone and peripheral vascular resistance. It also has vasoprotective effects by 

suppressing platelet aggregation, leukocyte adhesion and smooth muscle cell proliferation 

(Bauer and Sotníková. 2010). “Impaired endothelial function, either as a consequence of 

reduced production/release or increased inactivation of endothelium-derived vasodilators, as 

well as interactions of NO with angiotensin, reactive oxygen species and oxidized 

lipoproteins, has detrimental functional consequences and is one of the most important 

cardiovascular risk factors” (Bauer and Sotníková. 2010). 

The T allele affects proteolytic cleavage of the enzyme thereby reducing nitric oxide bio-

availability in the blood vessel wall and promoting atherosclerosis, as a result it is associated 

with atherosclerosis, essential hypertension, end-stage renal disease and pre-eclampsia 

(Ferguson et al. 2010, Puddu et al. 2005 and van Beynum et al. 2008), . The T allele has 

also been associated with a number of cancers (Jang et al. 2013 and Hao et al. 2010). 

A meta-analysis including 11 studies regarding the eNOS G984T SNP and breast cancer 

showed that there was a significant association with breast cancer risk in the TT versus GG 

genotype (Hao et al. 2010). In a Korean study on 509 healthy controls, and 528 patients with 

colorectal cancer (CRC) findings revealed that the GT and TT genotype of the 894G>T 

polymorphism was associated with an increased susceptibility to CRC (Jang et al. 2013). 

GT and TT genotype individuals might show greater beneficial effects of n-3 PUFA 

consumption (Ferguson et al. 2010). 

 

Gene Name: Manganese Superoxide Dismutase (MnSOD or SOD2)  

Polymorphism: C(-28)T and T175C  

Function: The SOD2 enzyme destroys the radicals which are normally produced within cells 

and which are toxic to biological systems. The enzyme thus has vital anti-oxidant activity 

within the cell, especially within the mitochondria. The C(-28)T polymorphism impacts on the 

distribution of the enzyme within the cell, and the T175C polymorphism reduces the stability 



of the enzyme complex, which is comprised of four identical units of the SOD2 gene product. 

There is evidence that people without the C(-28)T polymorphism, and with lower 

consumption of fruits and vegetables, are at increased risk of developing disease.  

The absence of the polymorphism is associated with greater risk when antioxidant sources 

are limited, and has been linked with increased risk of occurrence in several diseases. 

Studies have implicated these polymorphisms in late onset neurological disorders, possibly 

due to the accumulation of mitochondrial oxidative damage in the absence of adequate 

levels of MnSOD enzyme activity (Van Landeghem and Tabatabaie 1999). The C allele has 

also been associated with increased risk of developing certain cancers. In one study 

(Ambrosone and Freudenheim 1999) premenopausal women with homozygous C alleles 

showed an increased risk of breast cancer with an odds ratio of 4.3, which increased to 6.0  

amongst those with the lowest intake of dietary fruits and vegetables. This association has 

subsequently been confirmed in additional studies (Hirvonen and Benhamou 2001). 

 

Gene Name: Cu, Zn Superoxide Dismutase (SOD3)  

Polymorphism: C760G (Arg231Gly)  

Function: SOD3, the extra-cellular form of superoxide dismutase, is the major antioxidant 

enzyme system of the vessel wall and has broad implications in cardiovascular disease. This 

polymorphism results in the accelerated release of the enzyme from the tissue into the 

plasma, resulting in significantly reduced tissue SOD3 activity. The polymorphism is 

associated with increased risk for CAD, and SOD3 levels are lower in CAD patients. There is 

evidence that the effect of the polymorphism is greatly exacerbated by smoking. 

 

Gene Name: Glutathione S-Transferase M1  

Polymorphism: Gene Deletion  

Function: The family of glutathione S-transferases (GST) catalyse reactions in which the 

products of Phase I metabolism are conjugated with Glutathione, thus making them more 

water soluble and more easily excreted from the body. If the activity of the enzymes are 

enhanced, then the products of Phase I metabolism will be excreted more rapidly from the 

body, and therefore are less likely to interact with the DNA and proteins of the cells. This is 

particularly important when carcinogens are activated in Phase 1 metabolism. GST enzyme 

activities are induced in part by the breakdown products of both cruciferous vegetables, such 

as broccoli and cabbage, and allium vegetables, such as garlic and onions.  



GST-M1 is the most biologically active member of the GST super-family. It is located 

primarily in the liver and is responsible for Phase II detoxification of xenobiotics, 

carcinogens, and products of oxidative stress. Approximately half the population does not 

carry this gene, termed a “null” polymorphism. This results in reduced capacity for hepatic 

detoxification and increased risk of various cancers, chemical sensitivity, coronary artery 

disease in smokers, atopic asthma, and deficits in lung function. Individuals possessing the 

null mutation are strongly recommended to eat a diet rich in antioxidants, minimize exposure 

to toxins, and substantially increase intake of cruciferous and allium vegetables to reduce 

cancer risk. 

 

Gene Name: Glutathione S-Transferase P1 (GST-P1)  

Polymorphism: A313G (Ile105Val) and C341T (Ala113Val)  

Function: GST-P1 is the most abundant GST subtype in the lungs and is known to 

metabolize many carcinogenic compounds (Hirvonen 1999). GST-P enzymes have been 

shown to be activated by vegetable juice (Pool-Zobul and Bub 1998), Brussels sprouts and 

red cabbage (Steinkellner and Franke 2000).  

Two single nucleotide polymorphisms have been described to date; both of which decrease 

the activity of the enzymes compared to the wild type due to changes in the active pocket of 

the enzyme (Harries and Stubbins 1997) (Matthias and Bockmuhl 1998). In one study, 

conjugation activity was 82% of wild type for carriers of the heterozygous Ile/Val(105) allele, 

and 70% for the homozygous Val/Val(105) individuals (Watson and Stewart 1998).  

The GST-P Ile/Val polymorphism has been associated with an increased risk of developing 

prostate cancer, with an odds ratio of 1.3 for the Ile/Val carriers, and 1.9 for the homozygous 

Val/Val carriers (Kote-Jarai and Easton 2001). Female carriers of the Val/Val genotype also 

appear to be prone to recurrent early pregnancy loss (Zusterzeel and Nelen 2000). The 

Ile/Ile variant is associated with greater risk of squamous cell carcinoma at the oesophagus 

with an odds ratio of 2.8 in smokers (Lee and Lee 2000).  

Oxidative stress is a risk factor shared by most disorders implicating GST, and it appears 

that the efficiency of the GSTP1 enzyme may have an impact on the development and 

prognosis of diseases influenced by oxidative stress. 

 

Gene Name: Glutathione S-Transferase T1 (GST-T1)  

Polymorphism: Gene Deletion  



Function: GST-T1 is a member of a super family of proteins that catalyze the conjugation of 

reduced glutathione to a variety of electrophilic and hydrophobic compounds. The gene 

variant is associated with a four-fold increased risk of Myelodysplastic Syndrome due to the 

decreased ability of GSTT1 to detoxify environmental and endogenous carcinogens. The 

GST-T1 enzyme is found in a variety of tissues, including red blood cells, liver and lung, and 

expression is induced by dietary isothiocyanates found in cruciferous vegetables such as 

broccoli, cauliflower, cabbage and watercress (Seow and Shi 1998). The GST-T1 gene is 

deleted in approximately 20% of the Caucasian and 80% of the Asian population.  

The deletion is associated with an increased risk of lung, larynx and bladder cancers 

(Hirvonen 1999), as well as brain diseases and skin basal carcinomas in men (Landi 2000). 

When broccoli consumption was factored into a recent study of the incidence of colorectal 

adenomas, a protective effect was observed (Lin and Zhou 2000). 

 

Gene Name: Cytochrome P450 1A1 

Polymorphism: CYP1A1 Msp1 T/C 

Function: The CYP1A1 gene encodes a phase I cytochrome P450 enzyme that exhibits 

significant roles in the initial step of metabolic activation and conversion of a vast number of 

environmental pro-carcinogens such as PAHs and aromatic amines to reactive intermediates 

(Motovali-Bashi, et al. 2012 and Pandey, et al. 2009). These reactive electrophilic 

metabolites are highly potent to bind to DNA, and lead to adducts formation and thus have 

carcinogenic effects (Motovali-Bashi, et al. 2012). In addition, CYP1A1 is involved in the 

oxidative metabolism of oestrogens, which may play a critical role in the aetiology of breast 

and prostate cancer, where a  A meta-analysis of CYP1A1 SNPs suggest that the CYP1A1 

T/C polymorphism is likely to considerably increase the risk of sporadic prostate cancer 

(Shaik, et al. 2009). 

The CC genotype is associated with increased enzyme activity resulting in elevated levels of 

activated metabolites and subsequently DNA damage. Many association studies have 

reported that this SNP increases the development of several types of cancer, especially 

amongst smokers. In the presence of the C allele it is important to reduce exposure to all 

diet and environmental pro-carcinogens such as PAH, aromatic amines, nitrates, and 

smoking of any kind (Motovali-Bashi, et al. 2012, Pandey, et al. 2009, and Shaik, et al. 

2009). 

 



GENETIC VARIANTS ASSOCIATED WITH BONE HEALTH  

Background  

Osteoporosis is a complex disease characterized by decreased bone mass, deterioration of 

bone tissue and increased risk of fractures. Family and twin studies have established a 

strong genetic contribution to the aetiology of osteoporosis, and in fact 60-70% of the 

variability in bone mineral mass or bone mineral density (BMD) can be accounted for by 

genetic variation and variations in diet. The following categories of contributing genes have 

been identified: calcium homeostasis, hormonal dysfunction, osteoblast and osteoclast 

development and regulation, cartilage matrix metabolism and lipoprotein metabolism (Niu 

and Xu 2001).  

The genes for which there is currently the best evidence are Vitamin D receptor, Collagen 

Type 1 alpha, Interleukin-6 and Tumour Necrosis Factor alpha. Polymorphisms of the 

Vitamin D receptor have been associated with bone mass in several studies, and there is 

evidence that this association may be modified by dietary calcium and vitamin D intake. 

 

Gene Name: Vitamin D Receptor (VDR)  

Polymorphism: Taq1, Bsm1 and Fok1  

Function: Vitamin D plays an important role in calcium homeostasis. It regulates bone cell 

growth and differentiation, intestinal calcium absorption and parathyroid hormone (PH) 

secretion. The variants in the gene are thought to reduce calcium absorption.  

Among healthy individuals, the VDR gene accounts for 75% of the entire genetic influence 

on bone density (Morrison 1996). Individuals with polymorphisms in the VDR gene tend to 

have lower bone mineral density than those without these variations (Thakkinstan 2004). 

Where the presence of these variants is associated with unfavourable bone mass, adequate 

nutritional calcium and vitamin D intake can reduce the risks associated with these variants.  

Cancer risk associated with VDR variants is closely linked to levels of Ca2+ and Vitamin D in 

the diet. For certain variants, caffeine intake has been associated with accelerated bone 

loss, whilst hyperparathyroidism, lower insulin secretion and increased risk of kidney stones 

are all associated with certain of the variants.  

In the case of the Bsm1 polymorphism its presence appears to be beneficial in a dose-

dependent manner; individuals carrying one or two B alleles requiring increased calcium to 

achieve similar bone mineral density (BMD) to individuals with homozygous bb alleles (B = 

presence of Bsm1 polymorphism; b = absence of Bsm1 polymorphism). The Bsm1 



polymorphism is associated with reduced BMD and predisposes women to osteoporosis 

(Chen, et al. 2001). 

VDR and insulin resistance 

Although conflicting findings about bone mineral density (BMD) in patients with type 2 

Diabetes have been reported, there is substantial data which support the notion that type 2 

Diabetes is associated with increased BMD. The most convincing evidence comes from the 

Rotterdam study reported by van Daele et al (van Daele, et al. 1995). The study involved 

5931 individuals (2481 men, 3450 women) aged 55 years or more. They found that 243 men 

and 335 women had non-insulin-dependent diabetes mellitus, and that both men and 

women with this condition had substantially higher mean BMD values than those with normal 

glucose tolerance. The conclusion of the study was that men and women with non-insulin- 

dependent diabetes mellitus have increased bone mineral density.  

While vitamin D receptor (VDR) polymorphism influences susceptibility to Type 1 Diabetes, 

the association with Type 2 Diabetes is not clear. Oh and Barrett -Connor investigated the 

association between VDR polymorphisms and Type 2 Diabetes and metabolic syndrome in a 

community-based study of unrelated older adults without known diabetes. Fasting plasma 

glucose and prevalence of glucose intolerance were significantly higher in non-diabetic 

persons with the aa genotype compared with those with AA genotype. The bb genotype of 

BsmI polymorphism was associated with insulin resistance after adjustment for age, sex, 

BMI, and calcium and vitamin D use in persons without diabetes. They concluded that BsmI 

polymorphism was associated with insulin resistance in a non-diabetic Caucasian population 

(Oh and Barrett-Connor 2002). 

 

Gene Name: Collagen Type 1 Alpha (COL1A1)  

Polymorphism: Sp1 G>T  

Function: The most conclusive finding regarding genetic effects on bone health is the 

association linking the Sp1 polymorphism of type 1 collagen to BMD and osteoporotic 

fractures. The identified variants alter production of type 1 alpha collagen, which leads to 

abnormal bone mineralization and increased risk of fractures. The risks associated with 

these variants can be reduced by dietary calcium.  

Type 1 collagen is the major protein of bone, formed from two collagen α1 and one collagen 

α2 chains. The Sp1G>T polymorphism was first identified in 1996 (Grant, et al. 1996) and 

has been shown to predict fractures independent of bone mass, and therefore genotyping of 

COL1A1 has much utility in clinical practice. The mechanism seems to affect transcription 



leading to increased production of collagen α1 relative to collagen α2, which reduces bone 

strength. The COL1A1 T allele influences the ratio, but not the total amount of collagen 

alpha chains produced by bone cells, leading to abnormal mineralization of bone and 

reduced bone strength (Ralston 2002).  

In a meta-analysis comprising a total of 4965 individuals, a significant association was 

shown between the COL1A1 T allele with BMD, BMI and osteoporotic fractures (Mann, et al. 

2001). It has also been shown that in low calcium environments, carriers of the T allele lose 

significantly more bone than GG homozygotes. There is a significant gene-environment 

interaction, suggesting that the genotype effects of COL1A1 on bone loss vary depending on 

calcium intake. 

 

GENETIC VARIANTS ASSOCIATED WITH INFLAMMATION  

Background  

Chronic inflammation is a low-grade inflammatory response of prolonged duration whose 

extended time course is provoked by persistence of the causative stimulus to inflammation in 

the tissue. The inflammatory process inevitably causes tissue damage and is accompanied 

by simultaneous attempts at healing and repair. The exact nature, extent and time course of 

chronic inflammation is variable, and depends on the balance between the causative agent 

and attempts by the body to remove it. Important environmental components that can affect  

the healing process include age (healing slows with age), nutritional deficiencies (specifically 

vitamin C, protein, zinc, fatty acids), metabolic diseases and some drugs.  

Polymorphisms have been identified in several genes that result in higher basal levels of 

pro-inflammatory agents. Nutritional and lifestyle interventions aim to either directly affect the 

gene expression to reduce cytokine levels, or to address the secondary features of the 

inflammatory response. 

 

Gene Name: Tumour Necrosis Factor alpha (TNFA)  

Polymorphism: G-308A  

Function: The role of an individual’s genetic background and predisposition to an enhanced 

inflammatory response is determined by variations in the genes encoding endogenous 

mediators that constitute the pathways of inflammation. Primary responses in inflammation 

are mediated by pro-inflammatory cytokines such as tumour necrosis factor (TNF-α). The A 



allele of the G-308A polymorphism is associated with elevated levels of circulating TNF-α 

protein.  

Inflammation is a prominent mechanism in the pathogenesis of atherosclerosis and arterial 

thrombosis, and a number of studies have explored the association of ischemic heart 

disease with gene polymorphisms that impact inflammatory pathways. These associations 

were reviewed by Andreotti et al (Andreotti, et al. 2002), they conclude that evidence does 

exist that genetic polymorphisms in these genes can modify the risk of ischemic heart 

disease.  

It has been suggested that the principle mechanism of cardioprotective and neuroprotective 

actions of PUFAs (specifically n-3 fatty acids) could be due to the suppression of TNFA. In 

one study, Grimble et al showed that this essential anti-inflammatory response to fish oils 

was genotype dependant (Grimble 2001). The common G-308A polymorphism increases the 

levels of inflammation and appears to be involved in many inflammation-related diseases 

and disorders. Examples of these include arthritis (Hajeer and Hutchinson 2001), allergy and 

asthma (Thomas 2001), sepsis (O'Keefe, Hybki and Munford 2002), obesity (Hoffstedt, et al. 

2000) and osteoporosis (Ralston 2002). 

TNFA and bone health 

TNFA is also regarded as a potent osteoporotic factor because it stimulates osteoclasts and 

has been implicated in the pathogenesis of bone loss associated with oestrogen deficiency. 

This polymorphism is pro-inflammatory, in the presence of the -308A allele there is a two-

fold greater level of transcription of TNF- α, than the -308G form (Abraham and Kroeger 

1999). The polymorphism is therefore associated with higher circulating levels of TNF- α. 

Subsequently, Ota et al (2000) have concluded that the TNFA polymorphism affects mineral 

metabolism in bone and can confer increased risk of osteoporosis, and Fontova et al 

(Fontova, et al. 2002) concluded that TNFA is a valid candidate gene for involvement in the 

development of osteoporosis.  

In addition to osteoporotic involvement, Sookoian et al performed a comprehensive meta-

analysis including all available evidence, and concluded that carriers of the -308A allele of 

TNFA are at a 23% increased risk of developing obesity and have higher levels of fasting 

insulin compared with non-carriers (Sookoian, Gonzalez and Pirola 2005). 

TNFA and insulin resistance 

It is generally believed that TNF-α causes insulin resistance by inhibiting the signal 

transduction of insulin and the expression of glucose transporter 4 (GLUT4) (Hotamisligil, et 

al. 1996). The elevated circulating levels of TNF-α associated with the G-308A allele was 



found to induce insulin resistance and to increase percentage body fat in humans (Hoffstedt, 

et al. 2000). 

There is accumulating evidence for a role of TNF-α in insulin resistance associated with 

obesity. Nicaud (Nicaud, et al. 2002) et al concluded from their studies of 335 males with a 

history of premature MI that the TNFA G-308A polymorphism might interact with other 

susceptibility factors to coronary heart disease to predispose to insulin resistance, and that 

the ability of TNF-α to induce insulin resistance may extend beyond obesity. Brand et al 

found a significant difference in allele frequencies by BMI, with the -308A allele carriers 

having higher BMI than G carriers, and concluded that the TNFA gene is associated with 

BMI and that the A allele may represent a genetic marker for increased susceptibility to 

obesity (Brand, et al. 2001). Dalziel concluded that the A variant of the TNFA gene conveys 

an increased risk for the development of insulin resistance in obese subjects and that the 

risk is enhanced in the presence of low HDL cholesterol levels (Dalziel, et al. 2002). 

 

Gene Name: Interleukin-6 (IL-6)  

Polymorphism: G-34C and G-174C  

Function: IL-6 is a pro-inflammatory cytokine playing a crucial role in inflammation and 

tissue injury. Two functional polymorphisms affect transcriptional regulation of the IL-6 gene 

and subsequent plasma levels of protein (Fishman, et al. 1998).  

Baseline levels of CRP are associated with coronary heart disease, and IL-6 regulates 

expression of CRP. Inflammation is a key component of coronary heart disease, and genes 

coding for cytokines are candidates for predisposing to coronary artery disease risk. The 

presence of the -174C allele has been shown to be significantly associated with higher 

baseline CRP levels (Vickers, et al. 2002) as well as significantly higher systolic blood 

pressure, especially in smokers (Humphries S., et al. 2001). Based on their findings in one 

large study, Jenny et al (Jenny, et al. 2002) suggest that IL-6 may chronically predispose an 

individual to develop atherosclerosis, and has also been shown to play a role in the 

pathogenesis of stroke (Revilla, et al. 2002). 

 IL-6 and heart health

IL-6 also affects adipose tissue metabolism, lipoprotein lipase activity, and hepatic 

triglyceride secretion. The G-174C polymorphism affects the activity of the IL-6 gene, with 

carriers of the C allele having increased circulating levels of IL-6 when compared to GG 

individuals. The CC genotype is present in approximately 16% of Caucasians.  



This particular single nucleotide polymorphism (SNP) has been associated with elevations in 

serum triglycerides in response to carbohydrate intake and decreased levels of HDL-

cholesterol. Thus this polymorphism substantially increases the risk of developing heart 

disease and late-onset diabetes. A low-fat lower carbohydrate diet is important in reducing 

this risk.  

The IL-6 protein also regulates the expression of the protein, C-Reactive Protein (CRP), high 

levels of which are predictive of the development of coronary artery disease. CRP is an 

independent marker of cardiovascular risk, and may be a partial explanation for why some 

patients develop significant coronary artery disease despite normal cholesterol levels. The C 

allele of the G-174C polymorphism is associated with elevated CRP levels and through this 

proinflammatory process, with coronary artery disease (CAD).  

Direct association of the -174C allele with CAD has been demonstrated by Humphries et al. 

(Humphries, Montgomery and Talmud 2001) and Jones et al (Jones, et al. 2001). A 

synergistic effect with smoking has been observed by Humphries et al (Humphries, 

Montgomery and Talmud 2001) and Brull (Brull, et al. 2002), who emphasised the 

importance of smoking cessation for individuals with the C allele. 

IL-6 and bone health 

IL-6 has come to be regarded as a potential osteoporotic factor because of its stimulatory 

effect on osteoclasts (cells that remove bone tissue) and role in the pathogenesis of bone 

loss. The polymorphisms were first identified by Ota et al, who found a significant correlation 

between the presence of the -634G allele and decreased BMD. When BMD values were 

compared across the three genotypes (GG, GC and CC) at position -634, BMD was lowest 

in the GG individuals and highest in the CC individuals. Given the several lines of evidence 

from different genetic studies, the authors concluded that IL-6 is indeed one of the genes 

affecting bone metabolism, in which variations can contribute to osteoporosis (Ota, et al. 

2001).  

These findings were confirmed by Ferrari et al (Ferrari, et al. 2001) in their analysis of the G-

174C variant. They showed that the CC genotype is associated with lower bone resorption 

and lesser decrease in bone mass in older women, inferring that the IL-6 -174GC allele may 

be a significant determinant of osteoporosis risk in elderly subjects. 

 

GENETIC VARIANTS ASSOCIATED WITH INSULIN RESISTANCE  

Background  



The insulin resistance syndrome is a term used to describe a combination of medical 

illnesses that have a common link - abnormalities in how the body utilizes insulin to 

metabolize sugars. These diseases include; Obesity, Type 2 Diabetes, Hypertension, 

Hypercholesterolemia and Heart Disease. In insulin resistance, the body’s cells have a 

diminished ability to respond to the action of the insulin hormone, which under normal 

conditions would remove glucose from the bloodstream by regulating entry into cells. 

Clustering of Type 2 Diabetes in certain families points to a strong genetic background for 

the disease, however environmental factors such as obesity and a sedentary lifestyle are 

usually required to unmask the genes. 

 

Gene Name: Peroxisome Proliferator-Activated Receptor gamma (PPARγ)  

Polymorphism: Pro12Ala  

Function: The peroxisome proliferator-activated receptors (PPARs) are nuclear hormone 

receptor transcription factors that regulate the expression of several genes. There are 3 

known subtypes of PPARs, PPAR-alpha, PPAR-delta, and PPAR-gamma. PPAR-gamma is 

believed to be involved in adipocyte differentiation. It is a transcription factor activated by 

fatty acids, which has a major role in adipogenesis and expression of adipocyte-specific 

genes. It is also involved in the regulation of glucose and lipid metabolism and has been 

identified as the nuclear receptor for the thiazolidinedione class of insulin- sensitizing drugs. 

The Ala allele is associated with reduced promoter activation and reduced risk of diabetes 

and insulin resistance.  

The balance of evidence in the literature supports a protective role for the Ala allele in the 

association with insulin sensitivity and obesity. Strong evidence for the association of the 

PPARγ Pro12Ala allele comes from a meta-analysis published in Nature Genetics, 

incorporating 16 published studies and over 3000 individuals. The authors found a significant 

increase in diabetes risk associated with the more common Pro allele and concluded that the 

polymorphism influences as much as 25% of type 2 diabetes in the general population 

(Altshuler, et al. 2000). 

 

Gene Name: Fat Mass and Obesity-Associated Gene (FTO)  

Polymorphism: rs9939609 T/A 

Function: Genome Wide Association Studies (GWAS) identified FTO SNPs as having the 

most important effects on obesity susceptibility and increased risk for type 2 diabetes. FTO 



has also been identified as a candidate gene contributing to childhood obesity (Dina, C., et 

al. 2007 and Frayling, et al. 2007).  

The A allele is associated with increased risk for insulin resistance and diabetes mellitus and 

a higher risk of obesity (Lombard, Z., et al 2012 and Razquin, C., 2010). FTO’s biological 

action is not fully established, although increasing evidence suggests that the gene impacts 

eating behaviour, satiety and dietary intake. FTO is located in human chromosome 16 and is 

suggested to have a nucleic acid demethylation activity that may regulate the expression of 

genes involved in metabolism leading to obesity (Fawcett, K.A. and Barroso, I., 2010).  

A high fat and high saturated fat diet is strongly associated with an increase in obesity 

susceptibility and insulin resistance and diabetes mellitus in individuals with the A allele, 

especially in children and adolescents (Moleres, A., et al. 2011). In a case-control study of 

354 Spanish children and adolescents aged 6-18 years, an interaction between consumption 

of SFA (percentage of total energy) as well as the PUFA:SFA ratio and the FTO 

polymorphism was observed. A allele carriers consuming more than 12.6% SFA (of total 

energy) had an increased obesity risk compared with individuals with the TT genotype. In a 

similar way, A allele carriers with an intake ratio lower than 0.43 PUFA:SFA presented a 

higher obesity risk compared to TT individuals (Moleres, A., et al. 2011). 

Lower physical activity is also associated with increased BMI and obesity risk in individuals 

with the AA genotype. Compared to TT individuals, increased exercise in AA individuals may 

reduce the risk for weight gain (Lee, H.J., et al. 2010). 

 

Gene Name: Transcription Factor 7-like 2 (TCF7L2)  

Polymorphism: TCF7L2 C/T 

Function: TCF7L2 is an important transcription factor in the Wnt signaling pathway and thus 

for the synthesis of glucagon-like peptide 1 (GLP-1) (Khalooghi, K., et al. 2009). It is 

implicated in glucose homeostasis, (Khalooghi, K., et al. 2009) and studies have shown an 

association between type 2 diabetes and variation in the transcription factor 7-like 2 

(TCF7L2) gene (Cauchi, S., et al. 2006). GLP-1 may contribute to body weight regulation 

through appetite (Flint, A., et al. 1998), adipose tissue metabolism (Boschmann M, et al. 

2009), and insulin signalling (Aronoff, S.L., et al. 2004). GLP-1 release is stimulated 

differentially by fat and carbohydrate, and concentrations are higher after ingestion of fat 

than from carbohydrate, thus a variant in the TCF7L2 gene may alter the responsiveness to 

weight-loss diets differing in fat and carbohydrate composition (Eller, L.K., et al. 2008 and 

Paniagua, J.A, et al. 2007). 



T allele carriers have reduced insulinotropic action of GLP-1, and there is an association with 

reduced weight and fat loss in individuals homozygous for the T allele when dietary fat intake 

is high (Grau, K., et al. 2010). In a study conducted on a European population who were 

assigned to receive either a high fat (40–45% fat, 15% protein, and 40–45% carbohydrate of 

total energy) or a low fat (20–25% fat, 15% protein, and 60–65% carbohydrate of total 

energy) 10-week hypocaloric diet, significant interactions were found between the TT 

genotype and diet in relation to total weight change, fat loss, and change in fat free mass, as 

well as insulin resistance (Grau, K., et al. 2010).  

Individuals who were homozygous for the T allele and who followed the high fat diet, 

experienced less weight loss (2.6kg less) compared to individuals in the low fat group. Each 

additional T allele was associated with less fat mass loss in the high fat group. For C allele 

carriers, there were no differences in phenotype between the high fat and low fat diet groups 

(Grau, K., et al. 2010). 

 

 

  



GLOSSARY OF TERMS  

Adipocytes The cells that primarily compose adipose tissue, specialized in storing energy 

as fat  

Adipogenesis The development of fat cells  

Allele One of a series of different forms of a gene  

Atherosclerosis The condition in which an artery wall thickens as the result of a build-up of 

fatty materials such as cholesterol. Commonly referred to as a hardening or furring of the 

arteries.  

Body mass index A statistical measurement which compares a person's weight and height.  

Carcinoma Any malignant cancer that arises from epithelial cells.  

Catabolism The set of metabolic pathways that break down molecules into smaller units 

and release energy.  

Cytokines A category of signaling molecules that are used extensively in cellular 

communication.  

Genotype The genetic constitution of a cell, an organism, or an individual usually with 

reference to a specific character under consideration.  

Homeostasis The body's ability to physiologically regulate its inner environment to ensure 

stability in response to fluctuations in the outside environment.  

Linoleic acid An unsaturated omega-6 fatty acid essential for the dietary requirement for all 

mammals.  

Nutrigenomics The study of how different foods may interact with specific genes to 

increase the risk of common chronic diseases such as diabetes, obesity, heart disease, 

stroke and certain cancers. The premise underlying nutrigenomics is that the influence of 

diet on health depends on an individual’s genetic makeup.  

Promoter A region of DNA that facilitates the transcription (synthesis of RNA) of a particular 

gene.  

Single-nucleotide polymorphism (SNP) A DNA sequence variation occurring when a 

single nucleotide differs between members of a species (or between paired chromosomes in 

an individual).  

Stop codon (or termination codon) A nucleotide triplet within messenger RNA that signals a 

termination of translation (production of proteins). 



Triglyceride is a glyceride in which the glycerol is esterified with three fatty acids. It is the 

main constituent of vegetable oil and animal fats.  

Very-low-density lipoprotein (VLDL) A type of lipoprotein made by the liver that enables 

fats and cholesterol to be transported within the water-based solution of the bloodstream.  

Xenobiotic A chemical which is found in an organism but which is not normally produced or 

expected to be present in it. Specifically, drugs such as antibiotics are xenobiotic in humans 

because the human body does not produce them itself, nor are they part of a normal diet 
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