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Abstract 
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Abstract 

Background 

An elevated total plasma homocysteine concentration (tHcy) is associated with an 

increased risk of myocardial infarction and ischemic stroke.  Folic acid, vitamin B6 and 

B12 supplements significantly reduce tHcy even in people who are not overtly vitamin 

deficient.  If homocysteine is a causal risk factor for atherothrombotic events, treatment 

with B-vitamins might prove a simple and cost-effective means to reduce cardiovascular 

risk.  However, it remains unclear whether elevated tHcy causes atherosclerosis or is 

simply a risk marker.  To prove that homocysteine is a modifiable risk factor for 

cardiovascular disease it is necessary to show that lowering tHcy reduces vascular risk.  

The aim of this study was to determine whether long-term homocysteine-lowering with 

B-vitamins would improve vascular structure and function in people with a history of 

stroke. 

 

Methods 

This study was a cross-sectional sub-study of the Vitamins TO Prevent Stroke trial 

(VITATOPS), a multi-centre, randomised, double-blind, placebo-controlled clinical trial 

designed to test the efficacy and safety of B-vitamins (folic acid 2mg, vitamin B6 25mg 

and vitamin B12 0.5mg) in the prevention of vascular events in patients with a recent 

history of stroke or transient ischemic attack.   173 VITATOPS participants were 

recruited for the current study.  Age, sex, stroke type, medications, cardiovascular risk 

factors and smoking history were recorded and blood pressure, height, weight, waist and 

hip girth were measured in all subjects at least two years after randomisation. A fasting 

blood sample was collected at the same time, to assess tHcy, red blood cell folate, 

serum pyridoxine (vitamin B6) and cobalamin (vitamin B12), total cholesterol, high-

density lipoprotein cholesterol (HDL) and low-density lipoprotein cholesterol (LDL), 

triglycerides, creatinine, cystatin C and glucose.   Vascular structure and function were 
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assessed by measuring carotid intima-medial thickness (CIMT) and flow-mediated 

dilation (FMD) of the brachial artery.   We included our study results in a meta-analysis 

of data from similar randomised studies and calculated pooled estimates for the effect of 

B-vitamin treatment on CIMT and FMD.   We also conducted a post-hoc analysis of our 

data to determine whether the relationship between tHcy and CIMT and FMD was 

attenuated by adjustment for cystatin C, a sensitive marker of renal function.   A sub-

group of 30 subjects underwent 18F-fluro-deoxyglucose positron emission tomography 

(
18

FDG-PET) to assess the effect of long-term B-vitamin treatment on arterial wall 

inflammation. 

 

Results 

After a mean treatment period of 3.9 ± 0.9 years, the subjects randomised to vitamin 

treatment had significantly lower tHcy than the subjects randomised to placebo 

(7.9mol/L, 95%CI 7.5, 8.4 versus 11.8mol/L, 95%CI 10.9, 12.8; p<0.001).  There 

were no significant differences between groups in CIMT (0.84 ± 0.17mm vitamins 

versus 0.83 ± 0.18mm placebo; p=0.74) or FMD (median of 4.0%, IQR 0.9, 7.2, 

vitamins versus 3.0%, IQR 0.6, 6.6 placebo; p=0.48).   Pooled estimates from the meta-

analyses showed that B-vitamin treatment reduces CIMT by 0.10mm (95%CI –0.20, -

0.01mm) and increases FMD by 1.4%, (95%CI 0.7, 2.2), although these estimates may 

have been influenced by positive publication bias.   The improvement in FMD was 

significant in studies of less than eight weeks duration but not in studies with longer 

treatment periods.   The association between tHcy and CIMT and FMD was eliminated 

by adjustment for renal function and long-term B-vitamin treatment did not alter the 

strong linear relationship between tHcy and cystatin C.   Lowering tHcy did not alter 

arterial wall inflammation assessed by 
18

FDG-PET, although small subject numbers 

meant we were unable to exclude a minor treatment effect. 
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Conclusions 

Long-term homocysteine-lowering with B-vitamin treatment did not improve CIMT or 

FMD or reduce arterial wall inflammation in people with a history of stroke.  The 

relationship between tHcy and these markers of vascular risk was eliminated by 

adjustment for renal function.   Our data are consistent with the hypothesis that elevated 

tHcy is a risk marker for cardiovascular disease rather than a modifiable causal risk 

factor. 
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Introduction 

This thesis is presented as a series of papers.   The central hypothesis is that 

homocysteine-lowering with long-term B-vitamin treatment will improve vascular 

structure and function in people with a history of stroke.  Chapter One reviews 

epidemiological and experimental data to determine whether an elevated plasma 

homocysteine concentration is a modifiable causal risk factor for vascular disease [1]. 

 

Chapters Two and Three present data from a validation study of the image-analysis 

software system we used to assess carotid intima-media thickness (CIMT).   Chapter 

Two reports the results of a study designed to assess the performance and 

reproducibility of the image-analysis software in human subjects [2].   Chapter Three 

presents data from a study designed to test the effect of ultrasound image settings on 

lumen and wall thickness measurements in tissue-mimicking phantom arteries [3]. 

 

Chapters Four, Five and Six present data from a subgroup of participants enrolled in a 

randomised, controlled trial designed to test the efficacy and safety of B-vitamin 

treatment for the prevention of vascular events in people with a history of stroke.   

Chapter Four reports the effect of long-term homocysteine-lowering treatment on the 

surrogate vascular outcomes of flow-mediated dilation of the brachial artery (FMD) and 

CIMT [4].   Chapter Five presents a post-hoc analysis of the data reported in Chapter 

Four that aims to determine whether adequate adjustment for renal function eliminates 

the relationship between homocysteine and FMD and CIMT [5].   Chapter Six presents 

data from a smaller sub-study designed to test whether B-vitamin treatment affects 

arterial wall inflammation assessed by the nuclear medicine imaging technique of 18F-

flurodeoxyglucose positron emission tomography (
18

FDG-PET)[6]. 
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Chapter Seven summarises the main findings of the thesis, discusses the implications of 

the results and proposes possible directions for future research. 
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1.1 Introduction 

Homocysteine was first discovered over seventy years ago and has attracted the 

attention of researchers ever since [7]. This small, non-protein-forming amino acid has 

been linked with many disorders but its relationship with vascular disease has received 

most attention. Although epidemiological data support an association between 

homocysteine and atherothrombotic events such as myocardial infarction and stroke it 

remains uncertain whether an elevated plasma homocysteine concentration is an 

independent causal risk factor for such events or simply a marker of vascular risk.  The 

aim of this review is to critically examine the evidence that homocysteine is a 

modifiable causal risk factor for cardiovascular disease.    
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1.2 Homocysteine Metabolism 

1.2.1 Introduction 

Homocysteine is a small non-protein forming amino acid generated during the 

metabolism of methionine (Figure 1.01).   Homocysteine contains a free sulfhydryl 

group (-SH) that readily oxidizes in the presence of an electron acceptor, such as 

molecular oxygen, to form a disulphide bond (S-S).  Less than 2% of homocysteine 

circulates in a free reduced form, approximately 20% either auto-oxidises to form 

homocystine or oxidizes with other thiols to form mixed disulphide dimers, and >70% 

is bound to the cysteine residues of plasma proteins, mainly albumin [8]. Total plasma 

homocysteine (tHcy) is measured as the combined pool of all these different forms.  

Fasting state and posture, and recent vascular events all affect plasma homocysteine 

concentrations[9, 10].  

 

Hyperhomocysteinemia is usually defined by an arbitrary cut-off, either above the 95
th

 

percentile or more than two standard deviations above the mean value obtained in 

healthy fasting controls [11]. Normal plasma homoycsteine concentrations fall between 

5mol/L and 15mol/L [12].  Animal studies suggest that intracellular homocysteine 

concentrations vary by tissue type and that the intracellular ratio of free to protein-

bound homocysteine is higher than in the plasma [13, 14].   
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Figure 1.01 Methionine and the circulating forms of homocysteine 
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1.2.2 The methionine cycle 

The methionine cycle is a metabolic pathway that operates in every cell in the body to 

generate the one-carbon methyl groups (-CH3) used in biological methylation reactions.  

Homocysteine is a key branch-point intermediate in the cycle (Figure 1.02).   

Methionine enters the pathway through dietary protein intake or endogenous protein 

catabolism and is activated by adenosine triphosphate (ATP) to form S-adenosyl 

methionine (SAM).  SAM is the primary methyl donor for all methylation reactions 

with the exception of those involved in the methylation of homocysteine [15]. SAM‟s 

activated methyl group is transferred to acceptor molecules in reactions catalysed by 

many different methyl-transferase enzymes.  The reaction products are a methylated 

substrate and S-adenosylhomocysteine (SAH).  SAH is subsequently hydrolysed in a 

reversible reaction to form homocysteine and adenosine.  The cycle is completed if 

homocysteine is re-methylated to form methionine. 

 

The most ubiquitous homocysteine methylation reaction is catalysed by methionine 

synthase (MS).   MS converts homocysteine to methionine by adding a methyl group 

derived principally from serine [16, 17]. The methyl-group is carried from serine to MS 

by a folate-derivative, 5-methyl tetrahydrofolate (5-CH3-THF).  This reaction occurs in 

all cell types.  An alternative homocysteine remethylation pathway uses betaine as a 

methyl donor and is restricted to the liver and kidney in humans.  Intracellular 

homocysteine escapes the methionine cycle in one of two ways, by an irreversible two-

step trans-sulphuration pathway or by exiting the cell.  The trans-sulphuration pathway 

is regulated by two enzymes, cystathionine -synthase (CS) and cystathionine -lyase. 

CS condenses homocysteine with serine to form -cystathionine.  Cystathionine -

lyase then cleaves -cystathionine to form cysteine and -ketobuyrate.  This pathway is 

restricted to certain tissues in humans and is absent in vascular tissue [18, 19]. 
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Figure 1.02 The methionine cycle 
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THF   Tetrahydrofolate 

5-10-CH2-THF    5,10 methylene tetrahydrofolate 

5-CH3-THF  5-methyl-tetrahydrofolate 

X   Substrates for methyltransferases 

X-CH3   Methylated substrates 

 

Enzymes 

[1]  Various methyltransferases 

[2]  Methionine synthase (MS) with B12-derived cofactor 

[3]  Betaine:homocysteine methyltransferase 

[4]  Cystathionine -synthase (CS) with B6-derived cofactor 

[5]  Cystathionine -lyase with B6-derived cofactor 

[6]  Methylene tetrahydrofolate reductase (MTHFR) with B2-derived co-factor 
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The molecular mechanisms by which homocysteine exits the cell are unknown.  In rats 

and mice intracellular tHcy is lower than plasma tHcy in all tissues except the liver, 

implying that homocysteine is actively exported from the cell [20, 21].  However, the 

intracellular ratio of free to protein-bound homocysteine is higher than the plasma ratio, 

creating a gradient of free homocysteine between the inside and outside of the cell that 

actually favours homocysteine export [13, 14].   It is unknown whether the tissue ratios 

of free and protein-bound homocysteine are similar in humans.  It is also unknown 

whether bound homocysteine is available for metabolism, but the rapid turnover of 

protein-bound homocysteine in rat liver cells suggests that it may be [22].  

 

1.2.3 The role of B-vitamins in homocysteine metabolism 

The metabolic fate of homocysteine is largely determined by the availability of the 

substrates and metabolites of the methionine cycle, in particular the relative 

concentrations of SAM and SAH [23]. These compounds both inhibit and activate key 

enzymes in the remethylation and trans-sulphuration pathways via complex feedback 

loops [24]. Normal homocysteine metabolism also depends on an adequate intake of 

several B-vitamins.  Folate is the primary transporter of the methyl groups used to 

convert homocysteine to methionine.  MS requires a vitamin B12-derived cofactor and 

both enzymes in the trans-sulphuration pathway require a vitamin B6-derived cofactor 

for normal function. 

 

Folate and vitamin B12 deficiencies reduce the rate at which homocysteine can be 

remethylated and are associated with increased fasting tHcy. Vitamin B6 deficiency 

primarily affects the trans-sulfuration pathway and is associated with 

hyperhomocysteinemia only after methionine loading [20]. Folic acid and vitamin B12 

supplements reduce plasma tHcy, even in people who are not overtly vitamin deficient.  
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A folic acid dose of 500g per day reduces fasting tHcy by approximately 25% and has 

a more significant effect in individuals with elevated tHcy or an inadequate dietary 

intake of folate [25]. The addition of 500g of vitamin B12 reduces tHcy by a further 

7%.  Vitamin B6 supplementation does not appear to have any additional effect on 

fasting tHcy [25]. 

 

Vitamin B2 (riboflavin) is the fourth B-vitamin required for normal homocysteine 

metabolism.  Vitamin B2, in the form of flavin adenine dinucleotide (FAD), is a cofactor 

of methylene-tetrahydrofolate reductase (MTHFR) [26].  MTHFR catalyses the 

conversion of 5-10 methylene-tetrahydrofolate to 5-methyl-tetrahydrofolate, the primary 

methyl donor for homocysteine remethylation.  A common functional polymorphism in 

the MTHFR gene, a C to T substitution at position 677, results in a valine replacing an 

alanine in the MTHFR protein [27].   The TT variant of the enzyme has reduced activity 

that appears to be due to inappropriate loss of the FAD co-factor [28]. Observational 

studies indicate that vitamin B2 status is a significant determinant of tHcy, particularly 

in individuals with the TT genotype [29, 30].  A recent report that riboflavin 

supplements reduce tHcy in TT homozygotes confirms the significance of vitamin B2 as 

a modifier of homocysteine metabolism in this population sub-group [26]. 

 

1.2.4 Other determinants of plasma homocysteine concentrations 

Although plasma tHcy is frequently used as a surrogate for tissue levels of 

homocysteine, the relationship between the plasma and tissue concentrations is complex 

and poorly understood.  Many factors alter plasma tHcy but whether they affect the 

intracellular metabolism and catabolism of homocysteine, its rate of export from the cell 

or its clearance from the plasma are mostly unknown.  These factors can divided into 

the four broad categories of lifestyle, physiological, pharmacological and pathological. 
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Table 1.01 Factors associated with altered plasma homocysteine concentrations 

Factor Description tHcy 

Lifestyle   

Diet B-vitamin deficiency  

 B-vitamin supplements  

 High protein  

Exercise Regular exercise  

 Inactivity  

Drug use Beer  

 Spirits  

 Caffeine  

 Tobacco  

Physiological   

Age Increasing age  

 Adolescence  

Sex Male  

 Pregnancy  

 Menopause  

Renal function Increased GFR  

 Reduced GFR  

Pharmacological   

Hormonal agents Oestrogens  

 Androgens  

 Tamoxifen  

Antimetabolites Methotrexate  

 6-Mercaptopurine  

Hypolipidaemic agents Cholestryramine  

 Nicotinic acid  

 Fenofibrate  

Anticonvulsants Carbamazipine  

 Phenytoin  

Immunomodulators Sulfasalazine  

 Cyclosporin  

Detoxifying agents Acetylcysteine   

 D-penicillamine  

Miscellaneous Nitrous oxide  

 Trimethoprim  

 L-dopa  

 Theophylline  
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Factor Description tHcy 

 Metformin  

Pathological   

Genetic defects CBS deletion  

 MTHFR C667T polymorphism  

 Down's syndrome  

Diseases Renal failure  

 Cardiovascular disease  

 Rheumatoid arthritis  

 Hypothyroidism  

 Diabetes or  

 Psoriasis  

 Cancer  

 

 

 
1.2.4.1 Lifestyle factors 

The most readily modified influences on plasma homocysteine concentration are 

lifestyle factors.  High dietary or supplementary intake of folate and vitamins B2, B6 and 

B12 reduces plasma tHcy, as discussed above [30-32].  A high methionine intake is 

paradoxically associated with reduced fasting tHcy, perhaps due to the homocysteine-

lowering effects of the vitamins contained in a protein-rich diet [33, 34]. Observational 

studies demonstrate that tobacco smoking and caffeine consumption are associated with 

increased tHcy in a linear, dose-dependent manner and two randomized trials have 

confirmed that heavy coffee drinking increases tHcy [30, 33, 35-37].  Regular physical 

activity, particularly in women, reduces plasma homocysteine concentrations and 

physical inactivity is associated with increased tHcy [35, 38, 39]. The effect of alcohol 

consumption on tHcy is complex and no consistent pattern in the relationship has been 

established [34]. 
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1.2.4.2 Physiological factors 

The most significant physiological influences on tHcy are age, renal function and sex.  

Age is associated with increased plasma homocysteine concentrations for a number of 

reasons.  Vitamin insufficiency is a major contributing factor in the elderly, as they 

suffer more frequently from malabsorption syndromes and are at greater risk of an 

inadequate nutritional intake due to low income, institutional living or declining 

cognitive and physical function than younger individuals.  However, the increase in 

tHcy with age remains significant even when adjusted for vitamin status [40].  Renal 

impairment also contributes significantly to the increased tHcy observed in the elderly 

[41, 42]. 

 

Plasma homocysteine concentrations have a strong, linear, inverse relationship with 

glomerular filtration rate (GFR) through the full range from hyperfiltration to end-stage 

renal failure [43, 44].  The kidneys are responsible for considerable net homocysteine 

uptake in rats and it was assumed that this was also true in humans [45]. However, it 

appears that net renal uptake of homocysteine in healthy fasting human subjects is 

actually very low [46].  The pathogenesis of elevated tHcy associated with renal 

impairment is largely unknown and it may result from loss of intrarenal homocysteine 

metabolism or from uremia-induced defects in extra-renal metabolism [47].  GFR 

accounts for almost half of the variation in plasma homocysteine concentrations in non-

uremic subjects, supporting intra-renal metabolism as a major determinant of tHcy [48]. 

The elevations in plasma and tissue homocysteine concentrations associated with renal 

impairment are only partially reduced by B-vitamin treatment. 

 

Sex also has a significant effect on plasma homocysteine levels.  Women have fasting 

tHcy levels that are 10-15% lower than men of the same age, although the difference is 
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smaller in post-menopausal women [49, 50].  Post-menopausal women have higher 

tHcy levels than age-matched pre-menopausal women and also appear to have higher 

tHcy concentrations after methionine-loading than men of the same age [39, 51, 52] .  

Pregnant women have 50% lower tHcy concentrations than age-matched non-pregnant 

women [53, 54]. Homocysteine levels decrease after estrogen and anti-androgen 

administration in post-menopausal women and male-to-female transsexuals, and 

increase after androgen administration in female-to-male transsexuals [55-59]. Although 

it seems likely that sex hormones are responsible for the consistent effects of gender, 

pregnancy, menopause and sex-change on tHcy levels, it is unknown whether estrogen 

and/or testosterone directly alter tHcy metabolism or if the effects are mediated through 

alterations in muscle mass or plasma protein levels. 

 
1.2.4.3 Pharmacological factors 

Many medications affect homocysteine.   Some drugs increase plasma tHcy by 

interfering with vitamin function, either reducing vitamin absorption from the gut 

(metformin, cholestryramine) or inhibiting the metabolism of folate (methotrexate, 

phenytoin, carbamazepine, trimethoprim) or vitamin B6 (nicotinic acid, theophylline).   

Other drugs increase tHcy by impairing renal function (cyclosporin, fenofibrate), by 

inhibiting methionine synthase (nitrous oxide), increasing methylation demand (L-dopa, 

6-mercaptopurine) or by mechanisms unknown (sulfasalazine).  A few medications 

decrease plasma homocysteine concentrations by enhancing folate metabolism (insulin, 

tamoxifen), by altering plasma protein binding patterns (acetylcysteine, D-

penicillamine) or by unknown mechanisms (estrogen).   

 

1.2.4.4 Pathological factors 

Genetic abnormalities and metabolic and proliferative diseases are the major 

pathological influences on plasma homocysteine concentrations in humans.  The 
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commonest genetic cause of mildly elevated tHcy is the C677T polymorphism in the 

MTHFR gene, discussed above. Approximately 10 to 12% of the population are 

homozygotes for the C677T mutation [60].  The in vitro activity of the MTHFR enzyme 

in lymphocytes from TT homozygotes is between 35% and 45% of that in lymphocytes 

from CC individuals. CT heterozygotes show intermediate activity [27, 61].   The TT 

genotype is associated with a 25% increase in plasma homocysteine concentrations in 

humans, but only when serum folate levels are below median values or their riboflavin 

intake is deficient [62]. 

 

A much rarer genetic defect, CS deficiency causes severe hyperhomocysteinemia and 

homocystinuria in affected individuals.  Reduced CS activity blocks the trans-

sulphuration pathway, increasing plasma methionine as well as homocysteine (Figure 

1.02).   CS deficiency occurs in two different phenotypes, vitamin B6 responsive and 

B6 non-responsive.  Vitamin B6-responsive homocysteinuria tends to be milder than the 

non-responsive variant and plasma homocysteine levels can be reduced or normalised 

with B6 supplementation.  Many different mutations in the CS gene cause reduced or 

absent enzyme activity in homozygotes and the precise prevalence of CS deficiency is 

unknown [63]. Recent genetic studies indicate that the prevalence of homozygosity for 

the commonest mutations may be as high as 1:20 000, much greater than the quoted 

rates for clinically evident homocystinuria of 1:200 000 to 1:335 000 [64, 65]. 

 

Several acquired diseases also affect tHcy concentrations.  Diabetes is associated with 

reduced plasma tHcy in the early stages of the disease, due to renal hyperfiltration, and 

increased tHcy in the later stages, possibly due diabetic nephropathy causing reduced 

GFR or altered renal metabolism of homocysteine.  Hypothyroidism, rheumatoid 

arthritis and proliferative diseases such as cancer and psoriasis are also associated with 
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elevated tHcy, although the pathophysiological mechanisms are not well understood and 

the medications used to treat these conditions may also be partially responsible for the 

association. 

 

Cardiovascular, cerebrovascular and peripheral vascular disease are all associated with 

elevated plasma tHcy, but the direction of cause and effect is unclear.  A significant 

proportion of symptomatic atherothrombotic events are not accounted for by established 

genetic and environmental risk factors and elevated tHcy may account for some of the 

unexplained risk [66].  It is clear, however, that age, gender, renal function, nutritional 

intake, physical activity, tobacco smoking and diabetes are all potential confounders in 

the relationship between tHcy and vascular disease.  

 

1.2.5 Summary 

Homocysteine, a small non-protein-forming amino acid, is generated from methionine 

in a ubiquitous metabolic pathway that donates the methyl groups used in biological 

methylation reactions.   The methyl group used to recycle homocysteine back to 

methionine is transferred by a derivative of folate and rate-limiting enzymes involved in 

homocysteine metabolism have cofactors derived from vitamin B2, B6, and B12.  .  Most 

homocysteine in the plasma is protein-bound or circulates as a dimer and less than 2% is 

found in a free reduced form.  Total plasma homocysteine (tHcy) is measured as the 

sum of all these forms.   Many of the known risk factors for atherosclerosis, such as 

increased age, male sex, renal impairment, diabetes, smoking, a poor nutritional intake 

and physical inactivity, are also associated with elevated plasma homocysteine 

concentrations.   The next section of this review will examine epidemiological evidence 

for an association between tHcy and vascular risk 
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1.3 Homocysteine and Vascular Risk 

1.3.1 Introduction 

Evidence of a link between elevated plasma homocysteine concentrations and arterial 

disease was first published in 1969 [67]. Kilmer McCully conducted autopsies on two 

children who had died as a result of inborn errors of metabolism.   One child had a 

disorder of cobalamin metabolism and the other had cystathionine -synthase deficiency 

and both had suffered from severely elevated tHcy while alive.  McCully found 

widespread arterial lesions in both children.  The lesions were characterized by focal 

intimal and medial fibrosis with disruption of the internal elastic lamina in the large and 

medium sized arteries and increased fibroblasts and proliferation of perivascular 

connective tissue in the smaller arteries.  McCully hypothesized that the vascular lesions 

were “secondary to the metabolic effects of elevated tissue concentrations of 

homocysteine, homocystine or derivatives of homocsyteine”, as this was the only factor 

common to both children. 

 

His hypothesis was supported by evidence from animal studies.  Rabbits with induced 

hyperhomocysteinemia developed vascular lesions typical of early arteriosclerosis [68]. 

Patchy endothelial desquamation and circulating vascular endothelial cells were 

observed in the arteries of hyperhomocysteinemic baboons [69].   However, plasma 

tHcy levels were as high as 1540mol/l in the rabbits and between 110 and 450mol/L 

in the baboons, concentrations 10 to 100 times greater than the upper limit of normal in 

humans.  McCully‟s observations and the animal data showed that severely elevated 

homocysteine concentrations caused arterial damage. It was not clear, however, that 

lesions in either children or animals with severe hyperhomocysteinemia were identical 

to atherosclerotic lesions in adult humans. The arterial changes were patchy, with a 
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distribution not typical of conventional atheromatous disease and more in keeping with 

arterial repair, possibly in response to recurrent intra-arterial thromboses [70]. 

 

A survey of the natural history of patients with CβS deficiency shows that more than 

50% of untreated individuals suffered a thromboembolic event by age 30 [71].  

Thrombosis of the peripheral veins, plus or minus a subsequent pulmonary embolus, 

accounts for 51% of reported events.  Ischemic stroke was the next most common event, 

occurring in 32% of untreated individuals.  Peripheral vascular disease and myocardial 

infarction were less common, accounting for 11% and 4% of events respectively.  

Reducing tHcy with B-vitamins in patients with CβS deficiency dramatically reduced 

their risk of experiencing a premature vascular event [72]. However, their post-

treatment plasma homocysteine concentrations were still several times higher than the 

95
th

 percentile cut-off in the normal population, raising doubts about the significance of 

more moderately elevated tHcy in atherogenesis.  

 

Evidence that less severe elevations in tHcy than those associated with CβS deficiency 

might have a role in atherosclerotic disease was first published in 1976 [73]. The 

Wilckens measured plasma homocysteine concentrations before and four hours after a 

100mg/kg dose of methionine in twenty-five young subjects (<50 years) with 

symptomatic, angiographically-proven coronary artery disease and twenty-two healthy, 

age-matched controls.   The subjects with proven atherosclerotic disease had 

significantly higher homocysteine-cysteine disulphide levels at four hours post-

methionine loading than the control subjects.  Their results suggested that impaired 

methionine metabolism might contribute to early onset atherosclerosis. 
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1.3.2 Epidemiological evidence for a link between tHcy and vascular risk 

In the three decades since the Wilckens published their data, a large number of 

epidemiological studies have investigated the link between elevated tHcy and vascular 

risk.   Several authors have combined data from these observational studies in meta-

analyses to determine whether tHcy is an independent risk factor for cardiovascular 

disease. 

 

The first meta-analysis was published in 1995.  Boushey et al. combined data from 27 

observational studies and reported that subjects with elevated tHcy, as defined by the 

individual study authors, were at increased risk of coronary artery disease (fatal or non 

fatal myocardial infarction or angiographically confirmed occlusion, RR1.7, 95% CI 

1.5, 1.9, n=2297 events), stroke (cerebral bleeding, cerebral thrombosis or transient 

ischemic attack, RR2.5, 95% CI 2.0, 3.0, n=749 events) and peripheral vascular disease 

(RR6.8, 95% CI 2.9, 15.8, n=656 events)[74].   Boushey‟s analysis contained data from 

three prospective studies where tHcy levels were measured prior to the selection of 

cases [75-77].   Only one of these studies reported a significant association between 

elevated tHcy at baseline and increased risk of a subsequent vascular event [76].  The 

authors‟ conclusion that “a 5mol/L tHcy increment elevates coronary artery disease 

risk by as much as cholesterol increases of 0.5mmol/L” was thus based largely on 

traditional case-control studies where homocysteine was measured after the vascular 

event had occurred.  Boushey‟s meta-analysis confirmed a statistically significant 

association between elevated tHcy and vascular disease, but it could not establish 

causality.  An equally plausible interpretation of the results is that moderately elevated 

tHcy was a consequence of the vascular events. 
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Subsequent meta-analyses tried to distinguish between moderately elevated tHcy as a 

consequence or cause of vascular disease.  Christen et al. reported in 2000 that elevated 

tHcy was strongly associated with an increased risk of coronary heart disease and stroke 

in retrospective studies but only weakly associated in prospective studies [78].   Ford et 

al. replicated these results in 2002, also finding that the strength of the relationship 

between tHcy and vascular disease varied according to study design [79].   The authors 

calculated odds ratios for coronary heart disease and stroke per each 5mol/L increase 

in tHcy.  The results, with confidence intervals and study numbers, are summarised in 

Figure 1.03. 

 

Figure 1.03 Association of a 5mol/l increase in homocysteine concentration with 

the probability of coronary heart disease and stroke (reproduced from Clarke [80]) 

 

 

 

 

 

 

 

Ford et al. found that results from the prospective studies (cohort and nested case-

control) differed markedly from the retrospective case-control studies, particularly in 

studies of coronary heart disease.  The authors suggested that if homocysteine 

concentrations in stored blood samples were unstable over time it could explain why 

short-term studies produced significant associations and longer-term studies did not 

although acknowledged there was little evidence for this.  They also reported that well-
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designed cross-sectional studies reported lower odds ratios than poorer quality studies 

and that funnel plot asymmetry was present for case-control studies but not the nested 

case-control studies [79].  These observations point to publication bias as a possible 

explanation for the heterogeneity in their results, as poorly designed positive studies are 

more frequently published than negative studies of similar quality [81].  Ford et al. also 

speculated that the timing of blood sample collection with respect to a cardiovascular 

event may have affected tHcy levels.  Published data shows that tHcy rises within a few 

days of a myocardial infarction or stroke and may remain elevated for several months, 

offering a possible explanation for the much stronger association between elevated tHcy 

and vascular risk in retrospective studies than in the prospective studies [9, 10, 82]. 

 

A third meta-analysis, also published in 2002, attempted to specifically address the 

problem of reverse causality in the relationship between homocysteine and vascular risk 

by limiting the analysis to prospective studies that measured tHcy in healthy subjects 

prior to a first-ever cardiovascular event [83].  Bautista et al. reported a relative risk for 

combined coronary heart disease and stroke of 1.33 (95% CI 1.21, 1.47), coronary heart 

disease of 1.49 (95% 1.31, 1.70) and stroke of 1.37 (95% CI 0.99, 1.91) in subjects with 

elevated tHcy, as defined by the individual study authors.   Their results suggest that 

elevated tHcy contributes to a moderate increase in the risk of coronary heart disease 

and possibly stroke. 

 

However, the relative risks calculated by Bautista, as in most other meta-analyses, were 

averaged from published data and were unadjusted for confounding factors overlooked 

in the original studies.  Glomerular filtration rate (GFR), a key determinant of fasting 

tHcy and independently associated with cardiovascular disease, is an important potential 

confounder in the relationship between homocysteine and vascular risk [43, 48, 84-86].  
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Only two of the 13 studies included in Bautista‟s meta-analysis adjusted for creatinine, a 

weak indicator of GFR in healthy adults, and the remainder did not adjust for renal 

function at all. 

 

One of the limitations of meta-analyses of published data is that it is not possible to 

determine the extent to which discrepant results between studies are due to confounding 

or bias [80].   The Homocysteine Studies Collaboration aimed to produce reliable 

estimates of the association between tHcy and ischemic heart disease and stroke by 

collecting individual participant data from study authors and adjusting appropriately for 

confounding and regression dilution bias [87].  They adjusted for age, sex, smoking, 

systolic blood pressure and total cholesterol, but not for renal function or folate intake.  

The authors reported a 25% lower homocysteine level (equivalent to the reduction in 

tHcy associated with folic acid supplementation) was associated with an 11% lower risk 

of ischemic heart disease (occlusive coronary artery disease and fatal or non-fatal 

myocardial infarction, n=1855 events, OR 0.89, 95% CI 0.83, 0.96)  and 19%  lower 

risk of stroke (TIA and fatal or non-fatal stroke, n=435 events, OR 0.81, 95% CI 0.69, 

0.95).  The authors found stronger associations in retrospective studies than prospective 

studies and concluded that, at most, elevated homocysteine was a modest independent 

predictor of ischemic heart disease and stroke risk in healthy populations [87]. 

 

Since the publication of these two meta-analyses, ten large prospective studies in 

populations initially free of vascular disease have published twelve papers reporting 

data relating elevated tHcy to the subsequent risk of vascular events.   The details of 

each paper and adjusted odds ratios are presented in Table 1.02.  The studies vary 

considerably in terms of the definition of elevated homocysteine (upper third, quartile, 

quintile of tHcy or tHcy  15 mol/L), choice of comparison group for calculating odds 
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ratios (first third, quartile or quintile or all lower quarters or quintiles or tHcy 

<10mol/L), the outcomes reported (fatal, total, ischemic, haemorrhagic, lacunar or 

silent stroke, fatal or non-fatal MI, coronary heart disease, coronary death or vascular 

death) and the confounders included in multivariate models.    

 

Nine studies reported a significantly increased risk of ischemic stroke, MI or vascular 

death associated with elevated tHcy in crude odds ratios [88-96].  The associations 

remained significant in multivariate models in half of the reports; for ischemic stroke in 

three [89, 90, 92], for fatal ischemic stroke and death due to coronary disease in one 

[95], for fatal and total MI in one [91] and for lacunar infarcts in one[96].   The other six 

studies reported that the association between elevated tHcy and the vascular outcomes 

was attenuated in the multivariate model. 

 

Only three of the ten studies adjusted their multivariate analysis for folate or B-vitamin 

status.   Folate intake is a major determinant of tHcy and several large studies have 

reported an independent association between poor dietary intake of folate or fruit and 

vegetables and increased cardiovascular risk [97-100].   Folate is thus an important 

confounder in the relationship between homocysteine and vascular disease and one that 

is not always taken into account in epidemiological data. 

 

Renal function is another frequently overlooked confounder.   In well-nourished 

populations, GFR accounts most of the variation in tHcy [48, 101].   Mildly reduced 

GFR, below the level detected by changes in serum creatinine, has recently been 

recognised as a strong independent risk factor for cardiovascular disease [84-86, 102].   

Only one of the recent prospective studies included creatinine in their multivariate 

model and the remainder failed to adjust for any marker of renal function at all. 
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Table 1.02 Recent prospective cohort studies of the association between homocysteine and vascular disease risk  

Study Design Subject 

selection 

Setting Participants Age 

(years) 

Follow-up 

(years) 

Outcomes Relative risk or 

odds ratio  

(95% CI) 

Factors included in 

multivariate model 

Fallon, 2001 [103] 

Caerphilly Study 

 

Cohort 2254 men Wales 107 cases 45-59 10.2 Ischemic stroke 1.3 (0.8, 2.0)
*
 Age, SES, smoking, 

HT,SBP, DM, BMI, Cr, 

folate, B12, B6, ETOH 

Fallon, 2001 [88]  

Caerphilly Study 

Nested case-

control 

2290 men Wales 312 cases 

1248 controls 

45-59 10 MI or coronary 

death 

1.3 (0.8, 2.1)
*
 Age, smoking, HT, TC, 

HDL, fibrinogen, TG, CHD, 

folate, B12, B6, ETOH, 

DM, BMI, Cr 

Knekt, 2001 [104] 

 

Nested case-

control 

3479 women Finland 75 cases 

149 controls 

45-64 13 MI or coronary 

death 

0.8 (0.2, 2.5)
*
 Smoking, HT, DM, TC, 

BMI 

Fallon, 2003 [89]  

ATBC study 

Nested case-

control 

13840 male 

smokers 

Finland 201 cases 

201 controls 

50-69 2 Ischemic stroke 2.1 (1.1, 3.9)
‡
 SBP, DBP, TC, BMI, 

education, yrs smoking 

daily cigarettes 

Sacco, 2004 [90] 

North Manhattan 

Study 

 

Cohort 2939 men 

and women 

America 101 cases 

103 cases 

132 cases 

40 5 Non-fatal MI 

Ischemic stroke 

Vascular death 

1.2 (0.6, 2.4)
§
 

1.9 (1.1, 3.3)
§
 

6.0 (3.8, 9.4)
§
 

Age, sex, race, education, 

HT, DM, CHD, HDL, 

ETOH, smoking 

Iso, 2004 [105] Nested case-

control 

11846 Japan 150 cases 

98 cases 

52 cases 

450 controls 

40-85 9 Incident stroke 

Ischemic  

Haemorrhagic 

3.0 (1.5, 5.9)
‡
 

3.9 (1.6, 9.4)
‡ 

1.6 (0.4, 6.0)
‡
 

Age, sex, HT, BMI, TC, 

ETOH, smoking, TG, CRP, 

BSL, community, yr serum 

stored 
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Study Design Subject 

selection 

Setting Participants Age 

(years) 

Follow-up 

(years) 

Outcomes Relative risk or 

odds ratio  

(95% CI) 

Factors included in 

multivariate model 

Zylberstein, 2004 

[91]  Gothenburg 

Study  

 

Cohort 1368 women Sweden 88 cases 

42 cases 

46 cases 

38-60 24 Total MI 

Fatal MI 

Non-fatal MI 

1.9 (1.1, 3.3)
|| 

5.1 (2.2, 12)
|| 

NS 

Age, CHD risks (not 

specified) B12, coffee 

intake, folate intake, Cr 

Virtanen, 2005 

[92] Kuopio Study 

 

Cohort 1015 men Finland 49 cases 

38 cases 

46-64 9.6 Total stroke 

Ischemic 

2.8 (1.2, 6.2)
†
 

2.6 (1.0, 6.7)
†
 

Age, yr of examination 

Zee, 2007 [93] 

Women‟s Health 

Study 

 

Cohort 24968 

women 

America 812 cases 

205 cases 

216 cases 

>45 9.9 Total CV events 

Non-fatal MI 

Ischemic stroke 

1.2 (0.9, 1.5)
*
 

1.3 (0.9, 2.0)
*
 

1.3 (0.8, 2.0)
*
 

Age, smoking, SBP, TC, 

HDL, DM, hormone use 

Cui, 2008 [95] 

JACC Study 

Nested case-

control 

38158 men 

and women 

Japan 134 cases 

310 cases 

131 cases 

101 cases 

40-79 10 CHD death 

Stroke death 

Haemorrhagic 

Ischemic 

3.4 (1.2, 9.9)
‡
 

1.3 (0.7, 2.3)
‡
 

1.2 (0.4, 3.5)
‡
 

4.4 (1.1, 17)
‡
 

Age, sex, community, yr of 

serum storage, BMI, TC, 

HDL, ETOH, HT, DM, 

smoking 

Seshadri, 2008, 

[94] Framingham  

Offspring study 

 

Cohort 1965 men 

and women 

America 218 cases 26-81 7.5 Silent brain 

infarct on MRI 

1.4 (0.9, 2.1)
¶
 Age, sex, time between 

tHcy and MRI, folate, B6, 

B12, Cr 
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Study Design Subject 

selection 

Setting Participants Age 

(years) 

Follow-up 

(years) 

Outcomes Relative risk or 

odds ratio  

(95% CI) 

Factors included in 

multivariate model 

Zilberstein, 2008, 

[96] Gothenburg 

Women‟s Study 

Cohort 277 women Sweden 34 cases 46-60 24 Lacunar infarct 

on CT 

2.8 (1.3, 5.9)
†
 Age 

MI indicates myocardial infarction; HT, hypertension; DM, diabetes mellitus; TC, total cholesterol; BMI, body mass index; CHD, coronary heart disease; TG, triglycerides; Cr, 

creatinine; HTx, antihypertensive treatment: SBP, systolic blood pressure; SES, social class; ETOH, alcohol; HDL, high density liprotein; yr, year of serum storage; CRP, C-reactive 

protein; BSL, serum glucose; DBP, diastolic blood pressure;  

*
Highest compared with lowest fifth of tHcy, 

†
Highest compared with lowest third of tHcy 

‡
Highest compared with lowest quarter of tHcy 

§
tHcy  15 mol/L compared with tHcy < 10mol/L 

||
Highest fifth compared with other four fifths of tHcy 

¶
Highest quarter compared with other three quarters of tHcy 
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1.3.2.1 Summary 

Epidemiological data collected over the last three decades provides very strong 

evidence of a statistically significant association between elevated plasma homocysteine 

concentrations and vascular risk.   However, the differing strength of the relationship in 

retrospective and prospective studies, the attenuation of odds ratios after adjustment for 

known confounders and some negative results from recent large prospective trials 

suggest that elevated tHcy may be a consequence of existing atherosclerotic disease or a 

marker for other vascular risk factors.   In addition, many otherwise well-designed 

prospective trials have failed to adjust for renal function or B-vitamin status, both 

important confounders in the relationship between tHcy and vascular disease, so the 

significance of the association in some multivariate analyses may be due to residual 

confounding. 

 

1.3.3 Evidence for causality from Mendelian randomization  

The direction of causality in the relationship between elevated tHcy and vascular 

disease cannot be established by conventional observational data, as even large 

prospective studies cannot completely rule out the possibility of reverse causality or 

residual confounding.  Genetic epidemiology overcomes some of these problems.   The 

principle of Mendelian randomisation, that inheritance of one trait is independent of the 

inheritance of other traits means genetic polymorphisms that influence the level of a 

particular risk factor can be used to test for causality in the relationship between the risk 

factor and an outcome of interest [106].   Individuals are effectively randomised at 

conception to a group exposed to a certain level of risk.  Confounding factors related to 

socioeconomic status, environmental and lifestyle factors and other genetic traits should 

be evenly distributed between groups.  Observational studies of common genetic 

polymorphisms have similar properties to intention-to-treat analyses in randomised 

trials.   The MTHFR C677T polymorphism provides a natural experiment of this type, 
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Potential confounders 

equally distributed 
Age 

Gender  

Renal function 

Nutritional intake 

Physical activity 

Alcohol consumption 

Tobacco smoking 

Medication use 

 

CC/CT genotype 

 

Vascular events 

Comparison of the rates of vascular disease in each group 

Vascular events 

TT genotype 

Randomisation  

at conception 

10% of people 90% of people 

 

in which homozygotes for the TT variant are randomised at conception to a group 

exposed 25% higher tHcy than their compatriots while potential confounding variables 

are randomly distributed between the three genotypes (Figure 1.04) [107]. 

 

 

 

Figure 1.04 Example of a Mendelian randomisation experiment: using the MTHFR 

C677T polymorphism to investigate the link between elevated tHcy and vascular risk 
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The first comprehensive meta-analysis of the link between the MTHFR C677T 

polymorphism and vascular disease combined data from a total of 12513 subjects.   

Brattstrom reported that tHcy levels were 2.6mol/L (24%) higher in TT homozygotes 

than those with a CC genotype but their risk of vascular disease (a composite of 

coronary heart disease, cerebrovascular disease and venous thromboembolism) was not 

significantly increased (OR 1.12, 95% CI 0.92, 1.37) [108]. These initial results argued 

against moderately elevated tHcy as a cause of vascular disease.   Later meta-analyses 

produced different results. 

 

Klerk investigated the relationship between the MTHFR polymorphism and coronary 

heart disease (CHD) in 40 observational studies involving a total of 23920 subjects 

[109]. The TT genotype was associated with a higher risk of CHD than the CC genotype 

(OR 1.16, 95% CI 1.05, 1.28) in the pooled estimate, but there was significant 

heterogeneity in the results, depending on the geographical location of the study.  The 

polymorphism was associated with increased risk in European populations (OR 1.14, 

95% CI 1.01, 1.28) but not in the North American studies (OR 0.87, 95% CI 0.73, 1.05).  

 

Another recent meta-analysis of 53 epidemiological studies of venous 

thromboembolism produced a similar result [110].  The TT genotype was associated 

with an increased risk of venous thrombosis in European studies (OR 1.15, 95% CI 

1.02, 1.30) but had no effect on risk in North America (OR 1.03, 95% CI 0.82, 1.29).  In 

both cases, the authors attributed the geographical differences to the known interaction 

between the MTHFR polymorphism and folate and vitamin B2.   Americans have been 

exposed to mandatory food fortification with folic acid since 1998 and use more vitamin 

supplements than Europeans [109, 111]. 
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Klerk also reported that the effect of TT genotype was significant in retrospective 

studies (OR 1.21, 95% CI 1.10, 1.33, n=20883) but not in prospective studies (OR 0.86, 

95% CI 0.67, 1.10, n=3037).   The preponderance of North American studies (3 of the 5 

studies) and small subject numbers probably accounts for the non-significance in the 

prospective trials.  However, if elevated tHcy were associated with a higher case-fatality 

rate, as has been suggested in some epidemiological studies [90, 91, 95], the association 

ought to have been stronger in the prospective studies than in retrospective studies, 

which are limited to survivors [109].  The fact that the relationship was reversed raises 

the intriguing possibility that the TT genotype confers some type of long-term survival 

advantage [112, 113]. 

 

Wald et al. investigated the effects of the MTHFR polymorphism on ischemic heart 

disease, deep vein thrombosis and stroke in a meta-analysis also published in 2002 

[114]. The authors reported a significant association between the TT genotype and 

ischemic heart disease in 24138 subjects (OR 1.21, 95% CI 1.06, 1.39 compared with 

CC genotype) and deep vein thrombosis in 8502 subjects  (OR 1.29, 95% CI 1.08,1.54). 

The relative risk of stroke was calculated as 1.31 (95% CI 0.8, 2.15) with the wide 

confidence interval attributed to the relatively small subject numbers (n < 3000). 

 

Two more recent meta-analyses have used additional data to specifically investigate the 

relationship between MTHFR genotype and stroke risk.  In 2005, Casas et al. found an 

increased rate of all types of stroke associated with the TT genotype, with an odds ratios 

1.26 (95% CI 1.14-1.40) compared with the CC genotype [115].  The authors calculated 

a similar odds ratio for studies for ischemic strokes alone (OR 1.27, 95% CI 1.14, 1.41).  

In five studies for which data was available on haemorrhagic stroke, the summary odds 

ratio was 1.2 (95% CI 0.90, 1.50).  The second meta-analysis, by Cronin et al. reported 
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an odds ratio for ischemic stroke in the TT group compared with the CC group of 1.37 

(95% CI 1.15, 1.64) in a total of 14870 subjects [116]. 

 

The largest meta-analysis of coronary artery disease to date, published by Lewis et al. in 

2005, reports an odds ratio of 1.14 (95% CI 1.05, 1.24) in the TT compared with the CC 

genotype in 57183 subjects [117].  However, when the authors separated studies by 

geographical region, they found no association between the TT genotype and coronary 

artery disease in European, North American or Australian populations. The positive 

association was only significant in studies from Japan and the Middle East.  Lewis et al. 

observe that the explanation given by previous authors, that geographical differences in 

the MTHFR-disease relationship relate to folic acid fortification or supplement use, is 

somewhat incongruous with low incidence of folic acid deficiency and neural tube 

defects seen in Japan relative to other countries and suggest publication bias as a 

possible alternate explanation [117]. 
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Table 1.03 Summary of meta-analyses investigating the effect of the MTHFR 

C677T polymorphism on the risk of ischemic heart disease, stroke and venous 

thromboembolism (updated from Frederiksen, 2004 [121] 

 Studies 

(n) 

Cases 

(n) 

Controls 

(n) 

Odds 

ratio 

95% CI 

Ischemic heart disease  

Brattsom 1998 [108] 17 4694  5224 1.12 0.92, 1.37 

Jee, 2000 [118] 18 4594 5261 1.2 1.1, 1.4 

Japanese 3 1122 1147 2.0 1.6, 2.7 

Other 15 3472 4114 1.0 0.9, 1.1 

Klerk, 2002 [109] 40 11162 12758 1.16 1.05, 1.28 

Retrospective 35 9874 11009 1.21 1.10, 1.33 

Prospective 5 1288 1749 0.86 0.67, 1.10 

Europe  22 6207 8343 1.14 1.01, 1.28 

North America 10 3146 2532 0.87 0.73, 1.05 

Wald, 2002 [114] 46 12193 11945 1.21 1.06, 1.39 

Lewis 2005 [117] 80 26000 31813 1.14 1.05, 1.24 

Europe 41 17275 21313 1.08 0.99, 1.18 

North America 15 3714 3969 0.93 0.80, 1.10 

Middle East 5 971 1316 2.61 1.81, 3.75 

Asia 16 2755 4735 1.23 0.94, 1.62 

Australia 3 1285 480 1.04 0.73, 1.49 

Stroke 

Wald, 2002 [114] 7 1217 NA 1.31 0.8, 2.15 

Kelly, 2002 [119] 19 2788 3962 1.23 0.96, 1.58 

Casas, 2005 [115] 29 6324 7604 1.26 1.14, 1.40 

Ischemic  NA NA NA 1.27 1.14, 1.41 

Haemorrhagic  5 611 2405 1.16 0.90, 1.50 

Cronin, 2005 [116] 32 6110 8760 1.37 1.15, 1.64 

Europe 15 2815 4493 1.17 1.02, 1.34 

Asia 12 1367 1905 1.37 1.05, 1.79 

North America 2 379 254 1.56 0.9, 2.75 

Venous thromboembolism 

Brattstrom, 2000 [70] 15 2683 3306 1.1 0.9, 1.3 

Wald, 2002 [114] 26 3439 5063 1.29 1.08, 1.54 

Ray, 2002 [120] 31 4901 7886 1.2 1.1, 1.4 

Den Heijer, 2005 [110] 53 8364 12468 1.20 1.08, 1.32 

Europe 30 5300 7382 1.15 1.02, 1.30 

North America 11 1738 2108 1.03 0.82, 1.29 

Other 12 1326 2978 1.60 1.27, 2.02 
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1.3.3.1 Summary 

Mendelian randomization appears to support moderately elevated homocysteine as a 

cause of vascular disease in general and ischemic stroke in particular.  However, despite 

the largely consistent evidence that homozygosity for the T allele confers an increased 

risk of thomboembolic events, the data should be interpreted with caution.  Some 

commentators have pointed to the similarity in the calculated relative risks from 

prospective studies and genetic studies as strong evidence for causality in the 

relationship [114, 122].  However, meta-analyses are particularly susceptible to 

publication bias and, as with conventional epidemiologic data, genetic studies reporting 

a positive association between the TT genotype and vascular outcomes are more likely 

to be published than those that do not [81]. 

 

In addition, the apparent increase in vascular risk associated with the MTHFR C677T 

polymorphism is attributed entirely to its effect on plasma homocysteine concentrations.  

However, reduced enzyme activity in TT homozygotes alters the availability of folic 

acid derivatives for many other metabolic pathways, including DNA methylation and 

nucleotide synthesis.  The effect of the polymorphism of these pathways may be of 

greater significance in the pathogenesis of vascular disease than the effect on tHcy.  

Although the polymorphism is functional and does not appear to be associated with any 

other known risk factors for cardiovascular disease, the possibility of linkage 

disequilibrium with another genetic sequence that is the true cause of increased 

cardiovascular risk cannot be entirely excluded either, particularly in light of the 

differing impact of the polymorphism in different racial groups. 



Chapter One 

61 

1.3.4 Summary 

The observation that humans and animals exposed to very high plasma homocysteine 

concentrations develop premature arterial lesions has inspired a very large number of 

observational studies designed to investigate the link between more moderately elevated 

tHcy and atherosclerotic disease.   Meta-analyses of epidemiological data confirm an 

association between moderately elevated tHcy and an increased risk of coronary heart 

disease, peripheral vascular disease and stroke.  Data from Mendelian randomisation 

also confirm an association between the TT variant of the MTHFR gene and increased 

vascular risk, including venous thrombosis, suggesting that long-term exposure to 

moderately elevated tHcy contributes causally to atherothrombotic disease.  Although 

few studies have had sufficient numbers to separate stroke into its various eitiological 

sub-types, there appears to be a stronger relationship between tHcy and ischemic stroke 

than haemorrhagic stroke, consistent with the theory that tHcy increases the risk of 

atherosclerotic lesions and/or thrombosis. 

 

However, vascular lesions in hyperhomocysteinemic individuals do not have an 

appearance or distribution typical of classical atheromatous disease and a significant 

proportion of vascular events in these patients are due to venous rather than arterial 

thromboses.   The omission of important confounders in multivariate models may mean 

that the significant association between elevated tHcy and vascular risk in some studies 

is due to residual confounding.   The differing significance of the relationship in 

retrospective and prospective data and in studies conducted in different geographical 

regions also suggests that publication bias may have contributed to an overestimation of 

the strength of the association [123].   The wide variety of comparisons used to generate 

odds ratios in individual studies (see notes for Table 1.02) may also make the summary 

odds ratios generated in meta-analyses unreliable. 
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Although some of the longer term prospective studies and data from Mendelian 

randomisation suggest that exposure precedes outcome, it is difficult to convincingly 

establish causality from epidemiological data alone.   The argument that elevated tHcy 

is a causal risk factor for atherothrombotic events would be strengthened by coherent 

data from other sources.   The next section of this review is concerned with examining 

the experimental and laboratory evidence that homocysteine plays a role in the 

development of atherosclerotic disease. 
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1.4 Homocysteine and Atherosclerosis 

1.4.1 Introduction 

The first sign of atherosclerosis is frequently a myocardial infarction or ischemic stroke.  

Rupture of atherosclerotic plaque in an artery supplying the heart or brain is the most 

common cause of these vascular events.  Plaque rupture triggers the formation of 

thrombus that may block the artery directly or break off and travel downstream to lodge 

in a smaller vessel.   The thrombus interrupts the blood supply to the affected organ and 

the tissues become starved of oxygen and glucose, causing irreversible cellular damage 

and, ultimately, the clinical syndrome we recognise as a heart attack or stroke.   

However, a myocardial infarction or ischemic stroke is the dramatic endpoint of a 

disease that has usually progressed silently over several decades.  In the previous 

section of this review we found that these types of vascular event occur more frequently 

in individuals with elevated tHcy.  If homocysteine causes atherosclerosis, elevated 

tHcy should also be present in individuals with the early evidence of atherosclerotic 

disease. 

 

 

1.4.2 The pathogenesis of atherosclerosis  

Atherosclerosis has a complex pathophysiology that is still not completely understood.   

The most widely accepted theory is the „response to injury‟ hypothesis that proposes 

that endothelial damage triggers the formation of atherosclerotic lesions [124].   The 

known risk factors for cardiovascular disease are thought to initiate a chronic 

inflammatory process that injures the endothelium, the single layer of cells that lines the 

entire vascular tree. 
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1.4.2.1 The role of endothelial dysfunction in atherogenesis 

The vascular tree was once assumed to be a simple plumbing system with the sole 

function of circulating blood to and from the tissues.   It is now recognized as a complex 

organ that actively regulates its own internal environment and interacts with cells in the 

circulation.   The endothelium is the key player in these processes.  Endothelial cells 

form a smooth surface that prevents circulating cells and platelets from adhering to the 

vessel wall and also produce a large variety of metabolically active substances (Table 

1.04). 

 

Table 1.04 Metabolically active substances released by the endothelium 

Vasodilators Nitric oxide (NO), prostacyclin (PGI2), endothelium-derived hyperpolarising 

factor (EDHF), bradykinin, adrenomedullin, C-naturetic peptide 

Vasoconstrictors Endothelin-1 (ET-1), angiotensin-II (A-II), thromboxane A2 (TxA2), oxidant 

radicals, prostaglandin H2 

Anti-proliferative NO, PGI2, transforming growth factor-, heparan sulphate 

Pro-proliferative ET-1, A-II, oxidant radicals, platelet-derived growth factor, basic fibroblast 

growth factor, insulin-like growth factor, interleukins 

Antithrombotic NO, PGI2, plasminogen activator, protein C, tissue factor inhibitor, von 

Willebrand factor 

Prothrombotic ET-1, TxA2, oxidant radicals, plasminogen-activator inhibitor-1 (PAI-1), 

fibrinogen, tissue factor 

Inflammatory markers Cellular adhesion molecules (P-selectin, E-selectin, ICAM-1, VCAM-1), 

interleukins 1, 6 and 18, nuclear factor -B 

Permeability Receptor for advanced glycosylation end-products 

Angiogenesis Vascular endothelial growth factor. 
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The endothelium maintains vascular tone and homeostasis by balancing the production 

of vasodilators such as nitric oxide (NO) and prostacyclin (PGI2) and vasoconstrictors 

such as endothelin-1 (ET-1), angiotensin-II (A-II) and thromboxane-A2 (TxA2).  Many 

of these substances also have anti-thrombotic (NO, PGI2) or pro-thrombotic activity 

(ET-1, TxA2) and may modify the growth and proliferation of vascular smooth muscle 

cells within the vessel wall.   Under normal conditions there is little or no expression of 

pro-inflammatory factors by the endothelium [125].   However, injury to the 

endothelium appears to disrupt the critical balance between vasodilators and 

constrictors, leading to a state of endothelial dysfunction. 

 

Endothelial dysfunction is characterised by the reduced bioavailability of endothelium-

derived vasodilators and a specific state of endothelial activation, a pro-inflammatory, 

proliferative and pro-coagulatory milieu that favours all stages of atherogenesis [126].  

While precise mechanisms have not been elucidated, endothelial injury appears to 

trigger a positive feedback loop where inflammatory factors, released in response to the 

insult, promote monocyte and T-cell adhesion, foam cell formation, extra-cellular 

matrix digestion and vascular smooth muscle cell migration and proliferation (Figure 

1.05).  Endothelial dysfunction is thought to be the key early step in the pathogenesis of 

atherosclerosis and to underlie the progression of the disease from initial fatty streak to 

complex atherosclerotic plaque [126]. 
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Figure 1.05 Timeline of the progression of atherosclerosis, showing the role of 

endothelial dysfunction in the progression from fatty streak to complex lesion (adapted 

from Pepine, 1998 [127]) 

 

 

1.4.3 Assessment of endothelial function 

Endothelial function is commonly evaluated by measuring endothelial-dependent 

vasodilation in the coronary or peripheral circulation or by measuring circulating 

markers of endothelial activation and vascular inflammation, such as the soluble cellular 

adhesion molecules, von Willebrand factor, fibrinogen, interleukins and high sensitivity 

C-reactive protein (CRP). 

 

1.4.3.1 Methods for assessing endothelial-dependent vasodilation 

Over the last two decades investigators have developed techniques to assess endothelial-

dependent vasodilation.   Healthy endothelium responds to stimuli such as the shear 

stress generated by increased blood flow or receptor-dependent agonists such as 

acetylcholine, bradykinin and substance P by releasing NO and other vasodilators [125].  
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Endothelial dysfunction is present if an inappropriate vasoconstriction or a lower than 

expected degree of vasodilation occurs in response to these stimuli. 

 

The earliest studies of endothelial function used quantitative angiography to determine 

the response of coronary vessels to an infusion of acetylcholine or increased blood flow 

[128, 129].  The coronary arteries of healthy adults dilated in response to these stimuli 

whereas the arteries of subjects with proven atherosclerotic disease either constricted or 

failed to dilate.   Endothelial function was also tested in the brachial artery, a more 

accessible vascular bed, by infusing endothelium-dependent agonists through an intra-

arterial catheter [130].   Vasodilator responses of forearm resistance vessels to the 

infused agents were measured using venous occlusion plethysmography.   The invasive 

nature of these techniques limited their use to small-scale studies. 

 

A non-invasive technique for detecting endothelial dysfunction using flow-mediated 

dilation (FMD) of the brachial artery was developed in 1992 by David Celermajer 

[131].  The technique measures the diameter of the brachial artery in the upper arm with 

high-resolution ultrasound before and after the application of an ischemic stimulus, 

created by the inflation to supra-systolic pressure of a pneumatic cuff placed around the 

subject‟s proximal forearms.   The resultant ischemia causes dilation of resistance 

vessels in the forearm, triggering increased blood flow in the brachial artery once the 

cuff is deflated.   The increased flow causes shear stress in the brachial artery, 

stimulating the endothelium to release NO.   The diameter of the brachial artery is 

measured in the upper arm for several minutes after cuff deflation and the maximum 

value is recorded.  The difference between baseline arterial diameter and the maximum 

post-deflation diameter is calculated and FMD reported as either absolute change in m 

or, more commonly, as a percentage change from baseline. 
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Joannides and Doshi both demonstrated that if the cuff is placed around the forearm, 

brachial artery dilation is dependent primarily on NO release by the endothelium [132, 

133].   FMD of the brachial artery measured by this method is thus a functional bio-

assay of endothelium-derived NO [134].  Sublingual glyceryl trinitrate (GTN) is used as 

a control to confirm that vascular smooth muscle relaxes appropriately in response to 

NO.   If the exogenous NO induces normal vasodilation then a reduced dilatory 

response to the ischemic stimulus suggests that the fault lies with the endothelium. 

 

All known vascular risk factors are associated with reduced FMD and improvements in 

FMD have been demonstrated after cardioprotective interventions such as treatment 

with angiotensin-converting enzyme inhibitors and cholesterol lowering agents [135].  

Endothelial dysfunction, measured either in the coronary or peripheral circulation, 

appears to be an independent predictor of acute atherothrombotic events [136-139].  The 

association has most frequently been studied in patients with coronary artery disease, 

but evidence suggests that endothelial dysfunction is also associated with an increased 

risk of ischemic stroke [140-142]. 

 

1.4.3.2 Circulating markers of endothelial activation 

An alternative method of assessing endothelial function is to measure circulating 

markers of endothelial activation.   In patients without known cardiovascular disease, 

elevated levels of soluble intercellular adhesion molecule (ICAM) and tissue 

plasminogen activator (tPA) have been shown to be independent predictors of future 

cardiovascular events [143-145].   In patients with known coronary artery disease, 

ICAM, von Willebrand factor, tPA, plasminogen activator inhibitor (PAI-1) and 

endothelin all have some prognostic value, as do markers of systemic inflammation 

such as CRP [145-149]. 
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1.4.4 Homocysteine and endothelial function 

In 1993 Celermajer demonstrated that children completely deficient in the CS enzyme 

had significantly reduced FMD compared with healthy age-matched controls (2.8% 

versus 9.0%, p<0.001) [150].   The CS-deficient children had no other cardiovascular 

risk factors and had normal GTN-induced vasodilation, isolating the problem to the 

endothelium.   However, their mean plasma homocysteine concentration was very high 

(63mol/L, range 38 to 104mol/L) and the question of whether milder elevations in 

tHcy also impaired endothelial function remained unanswered.  

 

A subsequent experiment in monkeys found that physiological elevations of tHcy 

caused endothelial dysfunction in vivo [151]. Four weeks of a methionine-enriched, 

folic acid-deplete diet increased plasma homocysteine concentrations from 

4.00.2mol/L to 10.62.6mol/L in the experimental animals.   Resistance vessel 

responses to an infusion of the endothelium-dependent vasodilator acetylcholine were 

significantly impaired in the hyperhomocysteinemic monkeys compared with those on a 

normal diet.   Carotid artery rings removed from the animals also relaxed less in 

response to acetylcholine in vitro (5112% versus 828%, p=0.03). 

 

Observational studies have subsequently reported an association between moderately 

elevated homocysteine levels and impaired endothelial function in healthy human 

subjects, particularly in older subjects [152-154]. However, all these studies compared 

FMD in subjects with “high” or “low” tHcy levels without correcting for renal function, 

so it is possible that the groups also had “low” and “high” GFR respectively.   These 

results have not been replicated in younger subjects with mild or moderate 

hyperhomocysteinemia and a recent large study in healthy subjects aged between 24 and 
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39 years (n=2096) found that tHcy did not independently predict FMD after adjustment 

for multiple cardiovascular risk factors including renal function [154-158]. 

 

Administering a large oral dose of pure methionine to human subjects causes a rapid 

two to three-fold increase in tHcy [159].  Several studies have used methionine-loading 

to investigate the effect of acutely elevated plasma homocysteine concentrations on 

endothelial function [160-165].   In 1998 Bellamy gave 24 healthy, non-smoking, 

normotensive volunteers an oral dose of 100mg/kg of methionine or placebo in a single 

blinded cross-over study designed to test the effect of increased tHcy on FMD [160].  

Four hours after the intervention tHcy had increased from 7.9  2.0 mol/L to 23.1  

5.4mol/L (p<0.0001) and FMD had decreased from 0.12  0.09mm to 0.006  0.09mm 

(p=0.045) compared with baseline.    

 

A separate time course study in a sub-group of ten volunteers showed FMD was 

impaired within two hours of the methionine-loading and that reductions in FMD 

mirrored the temporal increases in plasma tHcy over the first four hours [160].   

However at eight hours post-dosing, the plasma tHcy concentrations were still rising but 

FMD had started to improve.  While these data suggested that acutely elevated plasma 

tHcy impaired endothelial dysfunction, they could not exclude a direct effect of 

methionine on the endothelium as the cause of the reduced FMD.  In addition, as there 

are no dietary sources of pure methionine, under usual conditions humans are unlikely 

to experience the rapid and dramatic increases in plasma tHcy seen in this experiment. 

 

In an attempt to address these issues, Chambers tested more physiological methionine 

doses of 10 mg/kg and 25 mg/kg as well as 100mg/kg and the effect of a high animal 

protein meal (lean chicken breast) containing 3.2  0.2 grams of methionine in 18 
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healthy adult volunteers [161].   He also tested for a non-specific amino acid effect by 

giving a methionine-free amino acid mix as a control and demonstrated that FMD was 

not significantly altered.   The high methionine meal increased plasma tHcy from 9.6  

0.8 mol/L to 11.2 0.9 mol/L (p=0.005) and was associated with reduced FMD at 12 

hours compared with a usual meal (0.9  0.6% versus 4.5  0.7%, p=0.003).  The 

authors also found a dose-response relationship between methionine dose and plasma 

tHcy at four hours and an inverse dose-response relationship with FMD (Figure 1.06).  

These data implied that acute elevations of tHcy, even within a normal physiological 

range, cause endothelial dysfunction in otherwise healthy subjects.  However, in this 

study, as in Bellamy‟s, the maximum reductions in FMD occurred before peak tHcy 

concentrations were reached and a direct or indirect effect of methionine on endothelial 

function was possible.  

 

A subsequent study compared the effects of oral homocysteine and oral methionine on 

endothelium function in an attempt to address this problem [166].   Hanratty reported a 

significant rise in plasma homocysteine after both treatments, but no rise in plasma 

methionine after oral homocysteine.  Both treatments caused a similar reduction in 

endothelial-dependent forearm blood flow, supporting elevated plasma homocysteine 

and not methionine as the cause of endothelial dysfunction.   In a separate study, 

Chambers tested which fraction of tHcy had the most significant effect on endothelial 

function.   He found that oral methionine and oral homocysteine both induced a rise in 

the proportion of reduced homocysteine compared with disulphide dimer and protein 

bound fractions. In time-course studies, peak concentrations of the reduced form of 

homocysteine coincided with the maximal reductions in flow-mediated dilation [167]. 
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Figure 1.06 The effect of methionine loading on plasma homocysteine 

concentrations and FMD (reproduced from Chambers, 1999 [161]) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plasma homocysteine concentrations and flow-  Plasma tHcy and flow-mediated dilatation 

mediated dilatation during a 24-hour period after  (mean  SEM, n=17) 4 hours after  fruit 

oral methionine 100 mg/kg (mean  SEM, n=15).  alone and after methionine 10mg/kg, 

 25mg/kg and 100 mg/kg. 

*p<0.05, **p<0.01 compared with responses   *p<0.05, **p<0.01 compared with 

at 0 hours. responses after fruit juice alone 

 

 

Three well-designed double-blind, placebo-controlled cross-over studies have 

subsequently failed to replicate these results [162, 163, 168].   In 2001 Davis found that 

100mg/kg of oral methionine significantly increased plasma tHcy in 14 healthy young 

subjects but did not affect sub-cutaneous microvascular responses to the endothelial-

dependent vasodilator acetylcholine measured at three and eight hours post-methionine.  

The vasodilation induced by increased shear stress and acetylcholine in resistance 
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vessels is mediated almost entirely by local release of NO, but other vasodilators 

predominate in the subcutaneous microvasculature [169].  The authors suggested that 

their results were consistent with a hypothesis that homocysteine selectively impairs NO 

release by endothelial cells while sparing other endothelial-dependent vasodilatory 

mechanisms.  Hart also reported that two doses of methionine did not reduce in FMD 

assessed by strain-gauge venous occlusion plethysmography in eight healthy elderly 

subjects, despite four-fold increases in tHcy, although the authors concluded that their 

study had insufficient power to exclude a small effect [163]. In 2006, Olfhof published 

results from a very well-designed randomised, double-blind cross-overstudy in 39 

healthy volunteers aged 50 to 70 years showing that methionine-loading caused large 

increases in plasma tHcy at 6 hours but did not alter brachial artery FMD [168]. 

 

On balance, available data suggest that, in younger subjects at least, acute elevations of 

plasma tHcy are associated with a rapid but transient impairment of endothelial-

dependent dilation.   The time-course studies suggest that FMD begins to return towards 

baseline levels while plasma tHcy is still rising [160, 161].  This observation implies 

either that the endothelium has some capacity to adjust to extended exposure to elevated 

homocysteine concentrations or that acute elevations in plasma tHcy do not have a 

simple dose-response relationship with endothelial function.   If the latter is the case, it 

is possible that elevated plasma tHcy signals the derangement of some intra-cellular 

process that underlies the observed endothelial dysfunction. 

 

Mendelian randomisation provides an opportunity to test whether long-term exposure to 

elevated tHcy causes significant endothelial dysfunction.   Of the six studies that have 

investigated whether the MTHFR C677T polymorphism influences endothelial 

function, three found no difference in FMD between the TT and CC homozygotes, two 
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reported reduced FMD in TT homozygotes, although the mutation had a much more 

significant effect in subjects with concomitant vitamin B12 deficiency, and one study 

reported improved endothelial-dependent dilation in carriers of the T allele compared 

with CC homozygotes, particularly in subjects with low plasma folate levels  [170-175].   

All the studies were relatively small, but two of the studies reporting the TT genotype as 

having no effect on FMD had much larger numbers of TT subjects than the two studies 

reporting a significant effect.   The inconsistent results from these studies do not 

strongly support the hypothesis that prolonged exposure to elevated plasma tHcy causes 

endothelial dysfunction. 

 

1.4.5 Homocystine and circulating markers of endothelial activation 

The early phases of atherosclerosis involve the recruitment of inflammatory cells from 

the circulation[176].  This process is mediated by cellular adhesion molecules (ICAM, 

VCAM) and selectins (E-selectin, P-selectin, L-selectin) expressed on the surface of 

endothelial cells, platelets and leukocytes [177].   Circulating markers of inflammation 

and thrombosis such as CRP, the interleukins (IL1, IL2, IL6, IL18), von Willebrand 

factor (vWF) and fibrinogen may also be involved in the formation and progression of 

atherosclerotic lesions [178].   Many investigators have examined the relationship 

between tHcy and these markers of early atherosclerosis and some large studies have 

reported significant associations.  However most investigators have found that the 

relationships do not withstand adjustment for known vascular risk factors [179-185]. 

 

1.4.6 Homocysteine and carotid intima medial thickness 

In addition to functional changes in the endothelium, ultrasound images are also used to 

measure early structural change in the arterial wall associated with atherosclerosis.   A 

diffuse thickening of the intimal layer of the artery wall is believed to precede the 

development of overt atherosclerotic plaque.   Pignoli first measured intima-medial 
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thickness (IMT) on B-mode ultrasound images of the carotid artery in 1986 [186].   His 

ultrasound measurements were subsequently shown to accurately represent the 

histological thickness of the intimal and medial layers of the artery wall [187, 188].  

IMT is measured as the distance between the intima-lumen echo-interface and the 

media-adventitia echo-interface on B-mode ultrasound images of large arteries, most 

commonly the carotid (Figure 1.07).   Measurement protocols vary from study to study, 

but most investigators use image analysis software to measure IMT on B-mode 

ultrasound images saved as digital picture files.  The measurements reported in studies 

are usually a mean maximum IMT value or the average of measurements taken from 

several angles of insonation or several sections of the artery. 

 

 

Figure 1.07 B-mode ultrasound image of a carotid artery showing the lumen and 

intimal and adventitial layers of the artery wall and IMT measured on the far wall of the 

artery 
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Observational data confirm that carotid intima medial thickness (CIMT) is correlated 

with all known risk factors for atherosclerosis [189, 190].  Prospective studies show that 

thickened CIMT is an independent predictor of myocardial infarction and ischemic 

stroke [191-195]  and reductions in intima-medial thickness in cholesterol-lowering 

trials suggest that CIMT is an early, modifiable marker of atherosclerotic change [196-

202]. 

 

Thickened CIMT is associated with all known risk factors for cardiovascular disease, 

including age, male sex, smoking, renal impairment and a personal history of 

cardiovascular disease [190, 203-206].  These factors are also associated with elevated 

tHcy and, unsurprisingly, many large studies have reported a significant univariate 

correlation between tHcy and CIMT [207-213].  Several studies also report tHcy as an 

independent predictor of CIMT after adjusting for age and sex, although most fail to 

correct for renal function, an equally important confounder in the relationship between 

tHcy and vascular disease [207-210, 212].  When adjusted for renal function the 

relationship between tHcy and CIMT frequently loses significance, as reported in 

Chapter Five of this thesis [5, 213, 214]. 

 

Genetic mutations and polymorphisms provide an opportunity to investigate causality in 

the relationship between tHcy and CIMT.   Five cross-sectional studies have measured 

CIMT in subjects with CS deficiency, in both homozygotes and their heterozygous 

relatives [215-219]. One study found increased CIMT in CS-deficient homozygotes 

[215] and the rest reported no difference in CIMT between homozygotes or 

heterozygotes and similar-aged healthy controls, despite marked increases in plasma 

tHcy in the CS-deficient subjects.  Although two studies found significant positive 

correlations between tHcy and CIMT in the hyperhomocystinemic subjects, one also 



Chapter One 

77 

found a negative correlation (-0.22, p<0.01). The lack of a clear relationship between 

early exposure to elevated plasma homocysteine concentrations and carotid 

atherosclerosis reported in these studies contrasts with the significantly impaired 

endothelial function in similar subjects reported by Celermajer [150]. 

 

Another set of studies has investigated the relationship between CIMT and the MTHFR 

C677T mutation, which causes a smaller increase in tHcy than CS-deficiency.  A 2004 

review reported that seven studies found higher CIMT, greater plaque frequency or 

more severe stenosis in the T allele carriers, although often only in small subgroups.  

Eight studies found no association between the TT polymorphism and carotid 

atherosclerosis [220].   Most of the reviewed studies were small, with the majority 

having fewer than 200 subjects.  Of the two largest studies (n=1111 and n=3247 

respectively), one reported that although TT individuals had higher mean tHcy than TC 

or CC subjects and tHcy was independently associated with CIMT and carotid plaque, 

MTHFR genotype was not an independent predictor of CIMT [209]. The second study 

reported that, although the TT genotype was associated with higher age-adjusted 

diastolic blood pressure and a greater risk of carotid artery stenosis in women, mean 

CIMT was not significantly different between CC and TT individuals of either sex, 

except in female smokers (n=135) [221].  In the six studies published since the 2004 

review [100, 170, 212, 214, 222, 223], five found that tHcy was significantly higher in 

the TT subjects, but only one reported any difference in mean CIMT between the three 

MTHFR genotypes [223]. 
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1.4.7 Summary 

The relationship between homocysteine and the early signs of atherosclerotic disease is 

complex and the evidence inconsistent.  Severe hyperhomocysteinemia is associated 

with impaired FMD in CS-deficient children and observational data supports an 

association between moderately elevated tHcy and reduced FMD in elderly subjects, 

although the relationship is not significant in younger subjects.  That the cross-sectional 

relationship between tHcy and FMD is stronger in the elderly than the young suggests 

that tHcy might be a marker for cardiovascular risk burden rather than a cause of 

vascular disease.   However, reductions in FMD observed after an oral methionine dose 

in young adults suggest that acutely elevated tHcy may cause endothelial dysfunction.   

The absence of a similar FMD response in elderly subjects exposed to the same 

treatment may simply reflect a less reactive endothelium.   However, the return of FMD 

towards baseline levels while tHcy is still rising after a methionine load implies that 

endothelial cells may have some capacity to adjust to increased plasma homocysteine 

concentrations. This hypothesis is supported by evidence from Mendelian 

randomisation that long-term exposure to elevated tHcy is not strongly associated with 

endothelial dysfunction. 

 

In observational studies tHcy is correlated with many different circulating markers of 

endothelial activation, thrombosis and inflammation.   However the relationships are 

frequently weak and are attenuated by adjustment for known vascular risk factors.   

Elevated tHcy is also associated with thickening of the carotid intima-media, an early 

structural change associated with atherosclerosis.  However the possibility of residual 

confounding cannot be excluded, particularly as many investigators failed to adjust their 

analyses for renal function, and data from Mendelian randomisation do not support tHcy 

as a cause of increased CIMT. 
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Inconsistent results from FMD studies and a lack of strong evidence for an independent 

association between tHcy and circulating markers of endothelial activation and CIMT 

raise doubt as to whether homocysteine is a significant causative risk factor for 

atherosclerosis.   The next section of this review will examine data from studies that 

have tested the effect of homocysteine-lowering treatment on these markers of 

atherosclerotic change. 
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1.5 Does Lowering tHcy Alter Markers of Atherosclerosis? 

1.5.1 Introduction 

Many investigators have used folic acid supplementation, either alone or in combination 

with other B-vitamins, to test the effect of lowering tHcy on markers of atherosclerotic 

disease.   A folic acid dose of 500g per day reduces fasting tHcy by approximately 

25% and the addition of 500g of vitamin B12 reduces tHcy by a further 7%, even in 

people who are not overtly vitamin deficient [25].  Chapter Four of this thesis presents 

meta-analyses of data from randomised controlled trials designed to test the effect of B-

vitamin treatment on FMD and CIMT [4].  A broader systematic review of studies that 

have tested the effect of homocysteine-lowering treatment on these and other markers of 

atherosclerosis is presented below. 

 

1.5.2  The effect of homocysteine-lowering treatment on endothelial function 

Studies investigating the effect of homocysteine-lowering treatment on endothelial 

function were identified in Medline and EMBASE databases with the search strategy 

[endothelial function OR flow-mediated dilation OR FMD] AND [folate OR folic acid 

OR folic] and by a manual check of citations in relevant papers. Over 200 papers were 

identified and screened (Figure 1.08).  All papers reporting data from intervention 

studies in humans were included (n=81).  Review articles and commentaries (n=78), 

observational studies (n=23) and studies reporting only animal or cellular data (n=13) 

were excluded.  Included papers were divided into three groups based on the method 

used to assess endothelial function; FMD measured in the brachial artery (n=44, Table 

1.05), circulating markers of endothelial activation (n=33, Table 1.06), and other 

techniques used to assess endothelial-dependent vasodilation (n=15, Table 1.07).  

Eleven papers reported more than one type of outcome, two studies reported results 

from different subjects in two separate papers [224-227] and three authors reported 

different outcomes from the same study in two separate papers [228-233]. 
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Included papers (n=81) 

Individual studies (n=76) 

 

FMD used to assess 

endothelial function 

(n=44) 

Other methods used to 

assess endothelial-

dependent dilation (n=15) 

Circulating markers of 

endothelial activation  

(n=33) 

Potential papers identified 

and screened  (n=211) 
Reasons for exclusion from this review 

Review or commentary  n=78 

Observational data   n=23 

Animal or cellular data  n=13 

Not relevant to topic   n=7 

Unsuitable outcome measure  n=7 

Duplicate data    n=2 

Total     n=130 

Reported outcomes 

(n=92) 

 

 

Figure 1.08 Flow chart showing the selection process for studies included in this 

review of the effect of homocysteine-lowering treatment on endothelial function 
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Table 1.05 Studies investigating the effect of tHcy-lowering with B-vitamins on endothelial-dependent vasodilation assessed by FMD of the 

brachial artery 

Study  Design Subject type (n) Intervention Treatment 

period 

tHcy (mol/L) Outcome 

van Guldener 1998 

[234]
*
 

Randomised, 

open label 

Haemodialysis patients 

(n=29) 

FA 1mg/day (n=15)  

FA 5mg/day (n=14)  

52 weeks Significant reduction 

in tHcy in both groups 

No improvement in EDD in 

either group 

Bellamy 1999 [235] Randomised DB, 

PC, crossover 

tHcy >13mol/L and no 

CVRF (n=18) 

FA 5mg/day 6 weeks TX 

6 weeks WO 

 

BL 14.9  2.8 

PT 8.7  2.5 

p=0.003  

Improvement in EDD 

(p=0.015) 

No change in EID 

Chao 1999 [236] Uncontrolled, 

open label 

Healthy subjects with no 

CVRF 

(n=16) 

FA 5mg/day + 

B6 100mg/day + 

B12 0.5mg/day 

5 weeks  BL 7.0  1.6 

PT 5.2  2.1 

p<0.001 

No improvement in EDD 

No change in EID 

Usui 1999 [237] Randomised 

crossover 

Healthy males with no 

CVRF 

(n=10) 

Methionine loading 

100mg/kg repeated 

with FA 20mg pre-

treatment 

NA No effect on tHcy 

after FA pre-treatment 

Impaired EDD after 

methionine loading restored 

by FA pre-treatment 

Woo 1999 [238] Randomised, 

DB, PC 

crossover 

tHcy > 75
th

 percentile 

and no CVRF (n=17) 

FA 10mg/day 8 weeks TX 

4 weeks WO 

 

BL 9.8  2.8  

PT 8.1  3.0 

p=0.03 

Improvement in EDD. 

(p<0.001). 

No change in EID 

Aksoy 2000 [239] Randomized, PC 

trial 

Men waiting for PTCA 

with >70% LAD stenosis 

and  tHcy>15mol/L  

(n=16) 

FA 0.4mg/day +  

B6 2mg/day +  

B12 0.06mg/day (n=9) 

Placebo (n=7) 

4.8  0.9 

weeks 

BL 21.2  5.0 

PT 11.8  3.1 

p<0.008 

Improvement in EDD versus 

baseline (p<0.0001) but not 

placebo. 

No change in EID. 
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Study  Design Subject type (n) Intervention Treatment 

period 

tHcy (mol/L) Outcome 

Chambers 2000 [240] Randomised, 

DB, PC trial 

Men with CHD 

(n=89) 

FA 5mg/day +  

B12 1mg/day (n=59) 

Placebo (n=30) 

8 weeks BL 13.0  2.4 

PT 9.3  1.9 

p=0.001 

Improvement in EDD vs 

baseline (p=0.002) and 

placebo (p=0.008).  

No change in EID 

Thambyrajah 2000 

[241]
*
 

Randomised, 

DB, PC trial 

CRF with Cr> 

130mol/L and 

tHcy>12mol/L 

(n=100) 

FA 5mg/day (n=50) 

Placebo (n=50) 

12 weeks FA 15.1 (14.1, 16.2) 

Placebo 20.1 (18.2, 

22.2) p<0.001 

No improvement in EDD 

No change in EID 

 

Title 2000 [242] Randomised, 

DB, PC trial 

Angiographically proven 

CAD and tHcy 

>9mol/L 

(n=75) 

FA 5mg/day (n=25) 

FA 5mg/day +  

VitC 2G/day +  

VitE 800iu/day (n=25) 

Placebo (n=25) 

4 months Reduction in tHcy in 

both FA groups versus 

BL (p<0.05) but not 

versus placebo 

Improvement in EDD vs 

baseline (p=0.003) and 

placebo (p=0.04) in FA 

group but not in FA + other 

vitamins. No change in EID. 

Wilmink 2000 [243] Randomised DB, 

PC crossover 

Healthy 18-33 year-old 

subjects with tHcy<15.5 

mol/L  (n=20) 

FA 10mg/day 

Placebo 

2 weeks TX 

8 weeks WO 

FA 5.0  0.7  

Placebo 7.2  2.1  

p<0.05 

No improvement in EDD  No 

change in EID 

Doshi 2001 [230]
†
 Randomised DB, 

PC crossover 

Angiographically proven 

CAD or history of AMI 

(n=50) 

FA 5mg/day 

Placebo 

6 weeks TX 

4 months WO 

 

BL 11.2  2.1 

PT 9.3  2.4 

p<0.001 

Improvement in EDD 

(p<0.001) 

No change in EID 
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Study  Design Subject type (n) Intervention Treatment 

period 

tHcy (mol/L) Outcome 

Miner 2001 [244] Randomized, 

DB, PC trial  

Cardiac transplant 

recipients  

(n=31) 

FA 5mg/day (n=12) 

B6 100mg/day (n=11) 

Placebo (n=8) 

10 weeks No significant change 

in fasting tHcy or 

post-methionine load  

Improvement in EDD after 

B6 (p=0.05 versus baseline) 

but not after FA or placebo.  

EID not assessed. 

Pullin 2001 [245]
*
 Randomised, 

blinded, PC, 

Latin-square 

crossover 

Healthy 18-65 year-olds 

with MTHFR type 

CC (n=35)  

CT (n=35)  

TT (n=36) 

Usual diet + placebo 

Usual diet +  

FA 0.4mg/day 

Increased dietary folate 

intake 

4 months 

4 months 

 

4 months 

 

14% reduction from 

BL after diet change 

(p<0.001) and 16% 

after FA. 

No improvement in EDD 

after FA or increased dietary 

folate in whole group or any 

genotype 

Thambyrajah 2001 

[246]
*
 

Randomised, 

DB, PC trial 

Angiographically proven 

CAD and 

tHcy>11mol/L 

(n=86) 

FA 5mg/day (n=43) 

Placebo (n=43) 

12 weeks BL 11.7 (10.6, 13.0) 

PT 9.3 (8.5, 10.1) 

p<0.001 

Trend towards improvement  

in EDD after FA compared 

with placebo (p=0.07). 

No change in EID. 

Van Dijk 2001 [233]
†
 Randomised DB, 

PC trial 

Healthy siblings of 

patients with early CVD 

(n=130) 

FA 5mg/day +  

B6 250mg/day (n=63) 

Placebo (n=67) 

2 years BL 15.3  8.9 

PT 7.5  1.9 

p<0.001 

No improvement in EDD 

No change in EID 

Bennett-Richards 2002 

[247] 

Randomised, 

DB, PC, 

crossover 

Normotensive children 

with chronic renal failure 

(n=25) 

FA 5mg/m
2
/day 

Placebo 

8 weeks TX 

8 weeks WO 

BL 10.3  4.2 

PT 8.6  2.3 

p=0.03 

Improvement in EDD versus 

BL (p=0.04) but not versus 

placebo. No change in EID 
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Study  Design Subject type (n) Intervention Treatment 

period 

tHcy (mol/L) Outcome 

Buccianti 2002 [248] Uncontrolled, 

open label 

Patients with CRF on 

dialysis (n=15) 

5-MTHF 15mg iv 3x 

weekly + B12 0.5mg 

sc 2x weekly  THEN 

5-MTHF 15mg iv + 

B12 0.5mg 3x weekly 

8 weeks 

 

 

2 weeks 

 

BL 50.9  38.7 

PT1 23.1  9.0  

p<0.01 

PT2 17.4  7.9 

p<0.01 

Improved FMD at 8 weeks 

(p<0.05) but not at 10 weeks. 

Hirsh 2002 [249]
*
 Case-control, 

DB, PC 

Healthy males with 

tHcy>15 mol/L  

(n=20) or  

tHcy <13mol/L 

(n=20) 

FA 0.6mg/day +  

B6 2mg/day +  

B12 0.8mg/day 

(n=9 pairs) 

Placebo (n=11 pairs) 

8 weeks Significantly reduced 

in treated cases and 

controls  

p<0.0001 

No improvement in EDD in 

cases or controls. 

No change in EID 

O‟Grady 2002 [250] Case–control Healthy cigarette 

smokers (n=10) 

Non-smoking controls 

(n=10) 

FA 5mg/day  

(only cases treated) 

4 weeks BL 8.6  2.7 

PT 9.0  3.9 

p=NS 

Improvement in EDD 

compared with BL (p<0.005)  

EID not assessed 

Woo 2002 [251] Uncontrolled, 

open-label  

Healthy adults  

40-70 years  

(n=29) 

FA 10mg/day 1 year BL 9.0  1.7 

PT 7.9  2.0 

p<0.001 

Improvement in EDD 

(p<0.0001) 

No change in EID 

Dinckal 2003 [252] Matched DB, PC 

trial 

Angiographically proven 

CAD and 

tHcy >15mol/L 

(n = 26) 

FA 0.4mg QID + B6 

2mg QID + B12 

0.06mg QID  (n=15) 

Placebo (n=11) 

4 weeks BL 23.4  6 

PT 11.3  4 

p<0.001 

Improvement in EDD from 

BL (p<0.0001) 

No change in EID 
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Study  Design Subject type (n) Intervention Treatment 

period 

tHcy (mol/L) Outcome 

Sydow 2003 [253] Randomised, 

DB, PC trial 

Peripheral arterial 

disease (n=27) 

FA 10mg/day +  

B6 20mg/day +  

B12 0.2mg/day (n=9) 

L-arginine (n=9) 

Placebo (n=9) 

8 weeks BL 15.0  1.4 

PT 8.7  1.1 

p<0.01 

No improvement in EDD in 

FA group, but improved 

EDD in L-arginine group 

(p<0.05) 

No change in EID 

Assanelli 2004 [254] Randomised, 

single blind trial 

Subjects < 47 yrs with 

AMI and tHcy 

>15mol/L 

(n=30) 

FA 15mg/day THEN 

every 2nd day(n=15) 

FA 15mg/day + Vit E 

900mg /day THEN 

every 2nd day(n=15) 

1 month 

2 months 

1 month 

 

2 months 

41% reduction in tHcy 

in whole group  

p<0.001 

Improvement in EDD in both 

treatment groups (p=0.001) 

EID not assessed 

Carlsson 2004 [255] Single blind trial 

of sequential 

therapy 

Subjects  70 years with 

tHcy > 10mol/L 

(n=27 enrolled, n=17 

completed) 

Placebo THEN 

FA 0.4mg/day +  

B6 6mg +  

B12 0.025mg THEN 

Placebo THEN 

FA 1.4mg/day + 

B6 6mg +  

B12 0.025mg 

10 weeks 

10 weeks 

 

 

10 weeks 

10 weeks 

THcy levels reduced 

by 1.4  0.9mol/L in 

the group over the 

study. p=0.034 

No improvement in EDD 

No change in EID 

Guo 2004 [256] Uncontrolled, 

open label 

Adults with 3 risk 

factors for CAD and 

elevated tHcy (not 

defined) 

FA 5mg/day (n=31) 6 months BL 18.3  3.9 

PT 11.5  2.8 

P<0.001 

Improvement in EDD 

(p<0.001) 

EID not assessed. 
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Study  Design Subject type (n) Intervention Treatment 

period 

tHcy (mol/L) Outcome 

Lekakis 2004 [257] Randomised, 

DB, PC trial 

 Subjects with high 

cholesterol on a statin 

 (n=34) 

FA 5mg/day  (n=17) 

Placebo (n=17) 

4 weeks Not assessed Improvement in EDD after 

FA versus BL (p=0.02) but 

not versus placebo. 

No change in EID 

Paradisi 2004 [258] Uncontrolled 

open label 

Healthy post-menopausal 

women (n=15) 

FA 7.5mg/day 1 month BL 7.3  1.5 

PT 6.8  2.7 

p=NS 

Improvement in EDD 

(p<0.001) 

No change in EID 

Pena 2004 [259]
*
 Randomised, 

DB, PC 

crossover 

Children and adolescents 

with IDDM (n=36) 

FA 5mg/day  

Placebo 

8 weeks TX 

8 weeks WO 

No significant change 

in tHcy after treatment 

Improvement in EDD 

(p<0.001). 

No change in EID. 

Woodman 2004 [156] Randomised, 

DB, PC 

crossover 

Healthy subjects with 

tHcy in the upper quartile 

for sex  (n=26) 

FA 5mg/day 

Placebo 

8 weeks TX 

4 weeks WO 

Mean reduction of 

34% 

p=0.02 

No improvement in EDD 

No change in EID 

Dragoni 2005 [260] Randomised, 

DB, PC trial 

Healthy young males 

(n=20) 

FA 5mg/day (n=10) 

Placebo (n=10) 

1 week Not assessed No improvement in EDD and 

no difference in EDD after 

ischemic reperfusion injury. 

EID not assessed 

Manrique 2005 [261] Randomised, 

open label, no 

placebo 

Renal transplant 

recipients with 

tHcy14mol/L 

(n=56) 

FA 10mg/day +  

B6 50mg/day +  

B12 500mg/day (n=27) 

3 months BL 19.1  3.7 

PT 13.5  3.3 

p<0.001 

No improvement in EDD. 

EID not assessed. 
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Study  Design Subject type (n) Intervention Treatment 

period 

tHcy (mol/L) Outcome 

Austen 2006 [262] Randomised, 

DB, PC 

crossover 

Renal transplant 

recipients  

(n=10) 

FA 5mg/day 

Placebo 

3 months TX 

2 months WO 

BL 21.0  7.9 

PT 12.9   4.7 

p<0.05 

No improvement in EDD. No 

change in EID. 

Mackenzie 2006 [263] Randomised DB, 

PC trial 

Children with IDDM 

(n=122)  

FA 5mg/day +  

placebo (n=31) 

B6 100mg/day +  

placebo (n=31) 

FA 5mg/day +  

B6 100mg/day  (n=30) 

Placebo (n=30) 

8 weeks Not assessed Improvement in EDD within 

2 hours of first FA dose and 

first B6 dose.  Improved 

EDD in all treatment groups 

compared with placebo 

(p<0.001) 

No change in EID 

Moat 2006 [264] Randomised, 

DB, PC trial 

Patients with 

angiographically proven 

CAD and <70 years 

(n=128) 

FA 5mg/day (n=25) 

FA 0.4mg/day (n=30) 

Placebo (n=29) 

Betaine 3g BD (n=21) 

Placebo (n=23) 

6 weeks Reduction with high 

and low dose FA. 

p<0.001  

No reduction with 

betaine. 

Improvement in EDD only 

after high dose FA compared 

with baseline (p<0.001). 

No change in EID in any 

group. 

Olthof 2006 [265] Randomised, 

DB, PC, 

crossover 

Healthy subjects aged 

50-70yrs 

(n=39) 

FA 0.4mg BD 

Betaine 3g BD 

Placebo  

6 weeks TX 

6 weeks WO 

BL 12.0  2.0 

FA 8.0  1.3  

Betaine 8.7  1.4 

P<0.001 for both  

No improvement in EDD. No 

change in EID. 
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Study  Design Subject type (n) Intervention Treatment 

period 

tHcy (mol/L) Outcome 

Olthof 2006 [168] Randomised, 

DB, PC 

crossover  

Healthy subjects aged 

50-70yrs 

(n=39) 

FA 10mg 

Betaine 3g 

Serine 5g 

Placebo 

Single dose 

ingested with 

methionine 

50mg/kg 

Significant increase in 

tHcy in all treatment 

groups 

No change in EDD after 

methionine loading with FA, 

betaine or serine compared 

with placebo. 

Title 2006 [266]
*
 Randomised, 

DB, PC 

crossover 

Patients recently 

diagnosed  with NIDDM 

with no other CVRF 

(n = 19) 

FA 10mg/day 

Placebo 

2 weeks TX 

8 weeks WO 

BL 9.6 (8.7, 10.6) 

PT 9.0 (8.2, 9.9) 

p<0.05 

No difference 

between FA and 

placebo  

Improvement in EDD after 

FA versus placebo (p=0.02). 

No change in EID 

Baragetti 2007 [267] Controlled, open 

label, no placebo  

ESRD patients on 

peritoneal dialysis 

(n=27) 

Oral 5-MTHF 

15mg/day 

(n=19) 

No treatment (n=8) 

12 weeks BL 37.3  5.6 

PT 20.7  1.3 

p=0.008 

Improvement in EDD 

(p=0.016) compared with 

baseline. No change in EID 

Moens 2007 [268]
*
 Randomized, 

DB, PC 

crossover 

Patients with recent AMI 

(n=40) 

FA 10mg/day 

Placebo 

6 weeks TX 

2 weeks WO 

Significant reduction 

from baseline. 

Improvement in EDD. 

No change in EID. 



Chapter One 

90 

Study  Design Subject type (n) Intervention Treatment 

period 

tHcy (mol/L) Outcome 

Nanayakkara 2007 

[269] 

Randomised, 

DB, PC trial  

Non-diabetic patients 

with CRF 

(n=78) 

Pravastatin 40mg/day 

+ 

-tocopherol 

300mg/day +FA 5mg 

& B6 100mg & B12 

1mg/day (n=38) 

Placebo (n=40) 

18 months 

12 months 

6 months 

BL 20.6  6.8 

PT 11.3  4.7 

p=0.001 

Improvement in EDD after 

pravastatin, but unclear if the 

addition of -tocopherol or 

B-vitamins caused any 

further improvement. 

Pena 2007 [270]
*
 Randomized, 

DB, PC trial 

Obese children and 

adolescents (n=53) 

FA 5mg/day (n=27) 

Placebo (n=26) 

8 weeks BL 6.4  1.5 

PT 5.5  1.1 

p=0.03 

No improvement in EDD. No 

change in EID. 

Shirodaria 2007 [271] Randomized, 

DB, PC trial 

Patients with CAD 

awaiting CABG 

(n=56) 

FA 5mg/day (n=22) 

FA 0.4mg/day (n=20) 

Placebo (n=14) 

~7 weeks Not assessed Improvement in EDD in low-

dose (p<0.05) and high dose  

FA groups (p<0.01). 

 No change in EID. 

Yilmaz 2007 [272] Randomised, PC 

trial 

Patients with CAD and 

elevated tHcy 

(n=60) 

FA 5mg/day (n=20) 

NAC 60mg/day (n=20) 

Placebo (n=20) 

8 weeks BL 21.7  8.7 

PT 12.5   2.5 

p<0.001 

Improved EDD versus 

placebo (p=0.002) 

No change in EID 

Xu 2008 [273] 

 

Randomised PC 

trial 

Renal transplant 

recipients (n=36) 

FA 5mg/day + 

B6 50mg/day + 

B12 1mg/day (n=18) 

Placebo (n=18) 

6 months BL 20.1  5.4 

PT 12.6  3.9 

p<0.01 

Improvement in EDD versus 

BL (p<0.01). 

Improvement in EID versus 

BL (p<0.01) 
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*
Circulating markers of endothelial activation assessed in these subjects and reported in the same paper 

†
Circulating markers of endothelial activation assessed in these subjects and reported in a separate paper 

 

 

FA indicates folic acid; EDD, endothelial-dependent dilation; DB, double-blind; PC, placebo controlled; TX, treatment; WO, washout; CVRF, cardiovascular risk factors; BL, 

baseline; PT, post-treatment; EID, endothelial-independent dilation; B6, vitamin B6; B12, vitamin B12; NA, not applicable; PTCA, percutaneous transluminal coronary angiography; 

LAD, left anterior descending coronary artery; CHD, coronary heart disease; CRF, chronic renal failure; CAD, coronary artery disease; VitC, vitamin C; VitE, vitamin E; AMI, acute 

myocardial infarction; MTHFR, methylene tetrahydrofolate reductase; QID, four times daily; IDDM, insulin-dependent diabetes mellitus; BD, twice daily; NIDDM, non-insulin-

dependent diabetes mellitus; ESRD, end-stage renal disease; 5-MTHF, 5-methylene tetrahydrofolate; CABG, coronary artery bypass graft; NAC, N-acetyl-cysteine 
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Table 1.06 Studies investigating the effect of tHcy-lowering with B-vitamins on circulating markers of endothelial activation, thrombosis or 

inflammation 

Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Markers  Outcome 

van den Berg, 

1995 [274] 

Uncontrolled, 

open label 

Patients ≤ 50 years 

with PAOD (n=18) 

FA 5mg/day + 

 B6 250mg/day 

1 year Significant reduction 

in fasting and post-

methionine load 

tHcy 

VWF, sTM, tPA Decrease in vWF (p=0.01) 

and decrease in sTM 

(p=0.04).  No change in tPa. 

van Guldener 

1998 [234]
*
 

Randomized, 

open label 

Haemodialysis 

patients  

(n=29) 

FA 1mg/day (n=15)  

FA 5mg/day (n=14)  

1 year Significant reduction 

in both groups 

vWF, e-selectin 

sTM, PAI-1, tPA, 

endothelin-1 

No change in any markers 

Constans 1999 

[275] 

Uncontrolled, 

open label 

Patients with arterial 

or venous vascular 

disease and high 

tHcy post-methionine 

loading (n=18) 

FA 5mg/day +  

B6 250mg/day  

3 months Non-significant 

reduction in fasting 

tHcy.  Significant 

reduction in post-

methionine tHcy 

vWF, sTM No change in fasting or 

post-methionine vWF. 

Reduction in 

thrombomodulin from 

baseline (p=0.003)  

Undas 1999 

[276] 

Uncontrolled, 

open label  

Patients with 

elevated tHcy (n=17) 

FA 5mg/day + 

B6 300mg/day + 

B12 1000mg/week by 

i.m. injection 

8 weeks BL 20.5 (16, 120) 

PT 10 (7,14) 

p=0.0004 

Fibrinogen, ATIII, 

INR, PT, protein C, 

protein S, PF1+2, 

factor VII, TAT, 

BT 

Reduction in TAT 

(p=0.003) and PF1+2 

(p=0.02) and increased BT 

(p=0.04) 
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Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Markers  Outcome 

Baliga 2000 

[277] 

Uncontrolled, 

open label 

Patients with 

NIDDM and elevated 

tHcy (n=12) 

Healthy subjects 

(n=12) 

FA 15mg/day + 

B6 600mg/day 

3 months BL 12.3  2.9 

PT 9.1  1.1 

p<0.01 

Fibrinogen, PAI-1, 

protein-C, ATIII, 

sTM, APTT 

No change in any marker 

Thambyrajah 

2000 [241]
*
 

Randomized, 

DB, PC trial 

CRF with 

Cr>130mol/L and 

tHcy>12mol/L 

(n=100) 

FA 5mg/day (n=50) 

Placebo (n=50) 

12 weeks FA 15.1  

(14.1, 16.2)  

Placebo 20.1 

(18.2, 22.2) 

p<0.001 

vWF No change in vWF 

Pullin 2001 

[245]
*
 

Randomised, 

blinded PC 

Latin-square 

crossover 

Healthy subjects 18-

65 yrs selected by 

MTHFR type 

CC (n=35) 

CT (n=35) 

TT (n=36) 

Usual diet + placebo  

Usual diet + FA 

0.4mg/day 

Increased dietary FA 

intake 

4 months 

4 months 

 

4 months 

 

14% reduction in 

tHcy from BL after 

dietary intervention 

(p<0.001) and 16% 

after FA. 

vWF No change in vWF after any 

of the intervention stages. 

Thambyrajah 

2001 [246]
*
 

Randomised, 

DB, PC trial 

Angiographically 

proven CAD and 

tHcy>11mol/L 

(n=86) 

FA 5mg/day (n=43) 

Placebo (n=43) 

12 weeks BL 11.7  

(10.6, 13.0) 

PT 9.3 (8.5, 10.1) 

p<0.001 

vWF No change in vWF 
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Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Markers  Outcome 

Gottsater 2002 

[278] 

Randomised, 

open label  

Patients with PAOD 

or cerebrovascular 

disease and tHcy≥ 

20μmol  (n=46) 

FA 5mg/day (n=22) 

No treatment (n=24) 

3 months Significant reduction 

in FA group versus 

no treatment group 

p<0.001 

Endothelin-1, 

neopterin, 

intraplatelet cGMP, 

intraplatelet cAMP 

Significant reduction in 

endothelin-1 (p<0.01).  No 

significant reduction in 

other markers. 

Hirsh 2002 

[249]
*
 

Case-control, 

DB, PC 

Healthy males 

tHcy >15mol/L 

(n=20) 

tHcy <13mol/L 

(n=20) 

FA 0.6mg/day +  

B6 2mg/day +  

B12 0.8mg/day  

(n=9 pairs) 

Placebo (n=11 pairs) 

8 weeks Significantly 

reduced tHcy in 

treated cases and 

controls  

p<0.0001 

Activated protein 

C, activated protein 

S, ATIII, APTT, 

fibrinogen,  

No change in any markers 

Klerk 2002 

[279] 

Randomised, 

DB, PC trial 

Healthy volunteers 

with tHcy >16 

μmol/L (n=50) and 

tHcy ≤ 16 μmol/L 

(n=68) 

FA 5mg/day +  

B6 50mg/day + 

B12 0.4mg/day (n=56) 

Placebo (n=62) 

8 weeks FA 11.0 (9.8, 12.2) 

Placebo 17.2 (15.5, 

19.1) 

p<0.001 

PF1+2, TAT,  

d-dimer 

No significant change in 

any markers 

Mayer 2002
 

[226]
†
 

Uncontrolled, 

open label  

Subjects with proven 

CAD or PAOD or at 

high risk of CVD and 

tHcy ≥ 20μmol/L 

 (n=57) 

FA 10mg/day 2 months BL 26.6   10.2 

PT 18.7   6.3 

p<0.001 

Fibrinogen, 

plasminogen, 

ATIII, vWF 

Reduced vWF (p<0.05) and 

fibrinogen (p<0.01). 

Increased plasminogen and 

ATIII (p<0.01) 
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Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Markers  Outcome 

Mayer 2002
 

[227]
†
 

Uncontrolled, 

open label 

Elderly subjects with 

no CVD risk factors 

and tHcy≥20μmol/L 

(n=26) 

FA 5mg/day (n=19) 

FA 10mg/day (n=7) 

3 months BL 24.4 (median) 

PT 18.6 (median) 

P<0.001 

Fibrinogen, 

plasminogen, ATIII 

Reduced fibrinogen 

(p<0.0001) and increased 

plasminogen (p<0.0001). 

No change in ATIII. 

Mangoni 2003 

[228]
 ‡
 

Randomised, 

DB, PC trial 

Healthy smokers 

with no CVD (n=24) 

FA 5mg/day (n=12) 

Placebo (n=12) 

4 weeks BL 10.8  2.1 

PT 8.2  1.7 

p<0.0001 

APTT, INR, vWF,  

fibrinogen, factor 

VIIIc, d-dimer  

Reduced fibrinogen 

(p=0.03) and d-dimer 

(p=0.04). No change in 

other markers.  

Vermeulen 

2003 [232]
 ‡
 

Randomised, 

DB, PC trial 

Healthy siblings of 

patients with early 

CVD (n=134) 

FA 5mg/day +  

B6 250mg/day (n=68) 

Placebo (n=66) 

2 years Reduction in fasting 

and post-methionine 

tHcy versus BL and 

placebo 

CRP, vWF, tPA, 

PAI-1, VCAM,  

e-selectin 

No change in any markers 

Doshi 2004 

[231]
 ‡
 

Randomised, 

DB, PC 

crossover 

Subjects with proven 

CHD 

(n=52) 

FA 5mg/day 6 weeks TX 

4 months WO 

BL 11.1  2.8 

PT 9.3  2.4 

p<0.001 

vWF, e-selectin, 

sTM 

No change in any markers 

Peeters 2004 

[280] 

Randomised, 

DB, PC trial 

tHcy>16mol/L 

(n=36) or 

tHcy≤16mol/L 

(n=83) 

FA 5mg/day +  

B6 50mg/day +  

B12 0.4mg/day (n=66) 

Placebo (n=63) 

8 weeks Significant PT 

reduction in low and 

high tHcy groups 

vWF, tPA, 

PAI-1 

No change in any makers 

Pena 2004 

[259]
*
 

Randomised, 

DB, PC 

crossover 

Children and 

adolescents with 

IDDM (n=36) 

FA 5mg/day  

Placebo 

8 weeks TX 

8 weeks WO 

No significant 

change  

vWF No change in vWF 
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Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Markers  Outcome 

Spoelstra 2004 

[281] 

Randomised, 

DB, PC trial 

Subjects with 

NIDDM and tHcy≥ 

14mol/L (n=41) 

FA 5mg/day (n=23) 

Placebo (n=18) 

6 months Significant reduction  CRP, vWF,  

VCAM, ICAM, 

TNF-, IL-6 

No change in any markers 

Andersson 

2005 [282]
*
 

Uncontrolled, 

open label  

Patients with heart 

failure (n=14) 

FA 0.8mg/day +  

B6 3mg/day +  

B12 0.5mg/day 

8 weeks BL 17.9  2.2 

PT 13.8  4.1 

p<0.01 

CRP, IL-6, sIL-2r, 

vWF 

No change in any markers 

Durga 2005 

[225]
†
 

Randomised, 

DB, PC trial 

Subjects aged  

50-70yrs with 

tHcy>12mol/L 

(n=530) 

FA 0.8mg/day (n=264) 

Placebo (n=266) 

1 year FA 8.9 (8.1, 10.4) 

Placebo 12.6 (11.1, 

14.8) 

p<0.001 

CRP, ICAM No change in either marker 

Dusitanond 

2005 [283] 

Randomised, 

DB, PC trial 

Patients with a 

history of stroke or 

TIA (n=250) 

FA 2mg/day +  

B6 25mg/day +  

B12 0.5mg/day 

(n=125) 

Placebo (n=125) 

6 months FA 9.1  2.5 

Placebo 12.8  5.1 

p<0.0001 

CRP, sCD40L,  

IL-6, VCAM, 

ICAM, vWF,  

p-selectin, PF1+2,  

Trend towards reduction in 

ICAM (p=0.08), no change 

in other markers 

Jonasson 2005 

[284] 

Randomised, 

open label  

Patients with a 

history of CHD and 

tHcy≥15 mol/L 

(n=60) 

FA 5mg/day +  

B6 40mg/day +  

B12 1mg/day (n=30) 

Placebo (n=30) 

3 months BL 17.4 (15.3, 20.1) 

PT 9.2 (8.3,10.3) 

p<0.01 

ICAM,  

p-selectin,  

l-selectin,  

e-selectin, Iso-P 

No change in any markers 
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Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Markers  Outcome 

Klerk 2005 

[224]
†
 

Randomised 

DB, PC trial 

Subjects aged  

50-70yrs with 

tHcy>12mol/L 

(n=276) 

FA 0.8mg/day (n=137) 

Placebo (n=139) 

1 year FA 9.6 (8.8, 10.5)  

Placebo 12.1 (10.6, 

14.5) 

p<0.001 

vWF, TF, factor 

VIIa, PF1+2, 

FdBP, tPA, CRP 

No change in any markers 

Stott 2005 

[285] 

Randomised, 

DB, PC 

factorial 2x2x2  

Patients ≥65years 

with CVD 

(n=185) 

FA 2.5mg, B6 25mg, 

B12 0.4mg,B2 25mg; 

FA+B12; B2; B6; B2+ 

B6; FA+B12+B2; FA+ 

B12+B6; FA+B12+B2 

+B6; (n=23 all groups) 

Placebo (n=24) 

12 weeks Significant reduction 

in tHcy in groups 

with FA and/or B12 

compared with other 

groups 

Fibrinogen, vWF No change in either marker 

Schernthaner, 

2006 [286] 

Randomised, 

DB, PC trial 

Patients with PAOD 

aged 50-80 years 

with elevated tHcy 

(n=65) 

FA 5mg/day +  

B1 50mg/day + 

B6 50 mg/day + 

B12 0.05mg/day 

(n=33) 

Placebo (n=32) 

6 weeks FA 12.6  2.8 

Placebo 16.9  4.2 

p<0.001 

Fibrinogen, TF, 

TFPI, CRP, IL-6, 

IL-8, IL-18,  

MCP-1 

No change in any markers 

Solini 2006 

[287] 

Randomised, 

open-label trial 

Healthy subjects  

with BMI 25-29 

kg/m
2
 (n=60) 

FA 2.5mg/day (n=30) 

Placebo (n=30) 

12 weeks BL 11.7  2.7 

PT 10.3  2.2 

p=0.06 

CRP, IL-6, IL-8, 

MCP-1 

Significant reduction in 

CRP (p=0.03) and IL-8 and 

MCP-1 (p<0.0001)  
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Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Markers  Outcome 

Title 2006 

[266]
*
 

Randomised, 

DB, PC 

crossover 

Patients with 

NIDDM but no CVD 

(n = 19) 

FA 10mg/day 

Placebo 

2 weeks TX 

8 weeks WO 

BL 9.6 (8.7, 10.6) 

PT 9.0 (8.2, 9.9) 

P<0.05 

CRP, ICAM, 

VCAM, IL-18, 

TNF- 

Trend towards reduced CRP 

(p=0.08), no change in other 

markers 

Bleie 2007 

[288] 

Randomised, 

DB, PC, 2x2 

factorial design 

Patients with 

suspected CAD 

(n=90) 

FA 0.8mg/day;  

B6 40 mg/day;  

B12 0.4mg /day 

FA + B6 + B12 (n=22) 

FA + B12 (n=23) 

B6 alone (n=21) 

Placebo (n=24) 

6 months THcy reduced by 

33% in groups 

receiving FA and 

B12 

p<0.001 

Neopterin, IL-6, 

sCD40L, CRP 

No change in any marker in 

any group or in any 

combination of  treatment 

groups  

Moens 2007 

[268]
*
 

Randomized, 

DB, PC 

crossover 

Patients with recent 

AMI  

(n=40) 

FA 10mg/day 

Placebo 

6 weeks TX 

2 weeks WO 

Significant reduction 

from baseline. 

CRP, fibrinogen, 

ATIII, plasminogen 

No change in any markers. 

Pena 2007 

[270]
*
 

Randomized, 

DB, PC trial 

Obese children and 

adolescents (n=53) 

FA 5mg/day (n=27) 

Placebo (n=26) 

8 weeks BL 6.4  1.5 

PT 5.5  1.1 

p=0.03 

CRP No change in CRP 

Vianna 2007 

[289] 

Randomised, 

DB, PC trial 

Patients with ESRD 

(n=186) 

FA 10mg (n=193) 

Placebo (n=193) 

2 years BL 23.5 (9.3, 58.2) 

PT 10.5 (2.8,20.3) 

p<0.01 

CRP No change in CRP 
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Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Markers  Outcome 

Vrablik 2007 

[290]
*
 

Randomized 

trial, no placebo 

Patients with high 

cholesterol treated 

with atorvastatin 

(n=39) 

FA 5mg/day (n=19) 

No treatment (n=20) 

2 months BL 11.8  2.7 

PT 9.8  1.9 

P<0.001 

Leucocyte 

expression of cell 

adhesion molecules 

No change in any markers 

*
 Endothelial-dependent dilation also assessed in these subjects and reported in the same paper 

†
Circulating markers of endothelial activation assessed in different subjects from this study and reported in a separate paper

 

‡
Endothelial-dependent dilation also assessed in these subjects and reported in a separate paper 

 

 

PAOD indicates peripheral arterial occlusive disease; FA, folic acid; B6, vitamin B6; vWF, von Willebrand factor; sTM, soluble thrombomodulin; PAI-1, plasminogen activator–

inhibitor-1; tPA, tissue-type plasminogen activator; ET, endothelin; B12, vitamin B12; ATIII, antithrombin III; INR, international normalized ratio; PT, pro-thrombin; PF1+2, 

prothombin fragment 1 and 2; TAT, thrombin-antithrombin complex; BT, bleeding time; NIDDM, non-insulin-dependent diabetes mellitus; DB, double-blind; PC, placebo 

controlled; CRF, chronic renal failure; Cr, creatinine; MTHFR, methylene tetrahydrofolate reductase; BL, baseline; CAD, coronary artery disease; PT, post-treatment; APTT, 

activated partial thromboplastin time; CVD, cardiovascular disease; factor VIIIc, factor VIII coagulant activity; CRP, C-reactive protein; VCAM, vascular cell adhesion molecule; 

CHD, coronary heart disease; TX, treatment; WO, washout; IDDM, insulin-dependent diabetes mellitus; ICAM, soluble intercellular adhesion molecule; TNF-, tumor necrosis 

factor alpha; IL-6, interleukin 6; sIL-2r, soluble interleukin-2 receptor; TIA, transient ischemic attack; sCD40L, soluble CD40 ligand; Iso-P, F2- isoprostane; TF, tissue factor; FbDP, 

fibrin degradation products; B2, vitamin B2; BMI, body mass index; IL-8, interleukin 8; MCP-1, monocyte chemo-attractant protein-1; IL-18, interleukin 18; AMI, acute myocardial 

infarction; ESRD, end-stage renal disease.
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Table 1.07 Studies investigating the effect of tHcy-lowering with B-vitamins on endothelial-dependent vasodilation assessed by venous occlusion 

plethysmography, cutaneous blood flow or other techniques 

Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Method and 

vasoactive agent  

Outcome 

Verhaar 1998 

[291] 

Case control FH (n=10) 

Healthy controls 

(n=10) 

Infusion of 5-MTHF 

into brachial artery 

NA No change in cases 

or controls 

Venous 

plethysmography 

Serotonin, SNP 

Improvement in EDD in 

cases (p<0.01).   

No change in controls. 

No change in EID 

Verhaar 1999 

[292] 

Randomised 

DB, PC, 

crossover 

FH (n=20) 

 

FA 5mg/day 4 weeks TX  

2 weeks WO 

BL 11.5  2.7 

PT 8.4  1.8 

p<0.05 

Venous 

plethysmography 

Serotonin, SNP 

Improvement in EDD 

(p<0.05)   

No change in EID 

Gori 2001 [293] Randomised 

DB, PC trial 

Healthy, non-smoking 

males  

19-32 yrs  

(n=18) 

FA 10mg/day + GTN 

0.6mg/hr 

Placebo + GTN 

0.6mg/hr 

6 days No significant 

difference between 

groups PT. 

Venous 

plethysmography 

ACH, GTN 

Blunted response to ACH 

infusion in placebo but not 

FA group.   

Holvin 2001 

[294] 

Case-control, 

open label, no 

placebo 

tHcy>15mol/L 

(n=22) 

Healthy controls 

(n=20) 

FA 5mg/day THEN  

FA 1mg/day THEN  

FA 0.4mg/day  

1 week 

37 weeks 

14 weeks 

(cases only) 

BL 19.2  

(8.6, 52.3) 

PT 9.9 (6.7, 12.9) 

p<0.001 

Venous 

plethysmography 

ACH, SNP 

Improvement in EDD  

(p=0.05) 

No change in EID 

Mangoni 2002 

[229]
†
 

Randomised 

DB, PC trial 

Healthy cigarette 

smokers (n=24) 

FA 5mg/day (n=12) 

Placebo (n=12) 

4 weeks BL 10.8  2.1 

PT 8.2  1.7 

p<0.001 

Venous 

plethysmography 

ACH 

SNP 

Improvement in EDD 

(p<0.05) 

No change in EID 
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Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Method and 

vasoactive agent  

Outcome 

Stanger 2002 

[295] 

Uncontrolled, 

open label 

Men with proven CAD 

(n=27) 

FA 5mg/day 6 weeks BL 12.2  4.2 

PT 9.6  2.6 

p<0.001 

Venous 

plethysmography  

Ischemia 

Improvement in EDD 

(p<0.05) 

van Etten 2002 

[296] 

Case-control, 

open label, no 

placebo 

Subjects with NIDDM 

(n=23) 

Healthy controls 

(n=21) 

5-MTHF infusion NA Not assessed Venous 

plethysmography 

Serotonin, SNP 

Improvement in EDD in 

cases compared with BL 

(p<0.005) but not in 

controls. 

No change in EID. 

Willems 2002 

[297] 

Randomised 

DB, PC trial 

Patients scheduled for 

PTCA with tHcy 

>16mol/L 

(n=15) 

FA 5mg/day +  

B12 0.4mg/day (n=7) 

Placebo (n=8) 

6 months BL 17.1  0.9 

PT 11.7  1.59 

p<0.0001 

Coronary endothelial 

function in non-

stenosed vessel 

ACH  

Improvement in endothelial-

dependant coronary  blood 

flow in FA group. 

(p=0.05). 

Setola 2004 

[298] 

Randomised 

DB, PC trial 

Patients with 

hyperinsulinaemia and 

the metabolic 

syndrome (n=50) 

Placebo THEN 

FA 5mg/day + B12 

0.5mg/day (n=25)  

Placebo (n=25)  

1 month 

1 month 

 

2 months 

BL 12.2   6 

PT 8.8   3.5 

p<0.001 

 

Venous 

plethysmography 

Ischemia, IDN 

Improvement in EDD versus 

BL (p<0.05) 

No change in EID 

Andersson 2005 

[282]
*
 

Uncontrolled, 

open label 

Patients with heart 

failure and tHcy 

>15mol/L (n=14) 

FA 0.8mg/day + 

B6 3mg/day + 

B12 0.5mg/day 

6 weeks BL 17.9  2.2 

PT 13.8   4.1 

p<0.01 

Venous 

plethysmography 

ACH, SNP 

Improvement in EDD versus 

BL (p=0.07).  No change in 

EID. 

Chia 2005 [299] Randomised, 

DB, PC, 

crossover 

Patients with recent 

AMI and tHcy in 

upper (n=9) or lower 

FA 5mg/day +  

B6 10mg/day +  

B12 0.1mg/day 

4 weeks TX No 

WO 

BL 16.8   8.4 

PT 14.2   3.3 

Venous 

plethysmography 

ACH, SNP 

No improvement in EDD in 

either group 

No change in EID in either 
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Study Design Subject type (n)  Intervention Treatment 

period 

tHcy (mol/L) Method and 

vasoactive agent  

Outcome 

quartiles (n=9) Placebo p<0.01.   

No change in lower 

quartile  

group 

Mangoni 2005 

[300] 

Randomised, 

DB, PC trial 

Patients with NIDDM 

but no CAD (n=26) 

FA 5mg/day (n=13) 

Placebo (n=13) 

4 weeks PT reduction of 1.8 

 2.2  

p=0.001 

Venous 

plethysmography 

ACH, SNP 

Improvement in EDD 

No change in EID 

Tawakol 2005 

[301] 

DB, PC 

crossover trial 

Subjects with ischemic 

heart disease (n=14) 

FA 30mg in two 

divided doses 12 hours 

apart 

Placebo 

NA FA 7.8  1.1  

Placebo 7.11.4  

p=NS 

Myocardial blood 

flow measured by 

PET 

Adenosine 

Increased myocardial blood 

flow in response to 

adenosine 1 hour after FA 

compared with placebo 

(p =0.02) 

Vrablik 2007 

[290]
*
 

Randomized 

trial, open lable 

no placebo 

Patients with high 

cholesterol treated 

with atorvastatin 

(n=39) 

FA 5mg/day (n=19) 

No treatment (n=20) 

2 months BL 11.8  2.7 

PT 9.8  1.9 

p<0.001 

Microvascular 

reactivity to thermal 

and ischemic stimuli 

No improvement in 

microvascular reactivity 

Wotherspoon 

2008 [302] 

Randomised, PC 

trial 

Patients with IDDM 

and micro-albuminuria 

(n=16) 

FA 5mg/day (n=9) 

Placebo (n=7) 

2 months BL 15.4  6.0 

PT 11.5   4.0 

p=0.03  

Venous 

plethysmography 

ACH 

 

No improvement in EDD 
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*
Circulating markers of endothelial activation assessed in these subjects and reported in the same paper 

†
Circulating markers of endothelial activation assessed in these subjects and reported in a separate paper 

 

FH, familial hypercholesterolaemia; 5-MTHF, 5-methyltetrahydrafolate; NA, not applicable; SNP, sodium nitroprusside; EDD, endothelial-dependent dilation; EID, endothelial-

independent dilation; DB, double blind; PC, placebo controlled; FA, folic acid; TX, treatment; WO, washout; BL, baseline; PT, post-treatment;GTN, glyceryl trinitrite; ACH, 

acetylcholine;  NIDDM, non-insulin dependent diabetes mellitus; PTCA, percutaneous transluminal coronary angiography; IDN, isosorbide dinitrite; B6, vitamin B6; B12, vitamin 

B12; AMI, acute myocardial infarction; CAD, coronary artery disease;  NS, not significant; PET, positron emission tomography; IDDM, insulin-dependent diabetes mellitus. 
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1.5.2.1 Study design 

A total of seventy-six studies tested the effect of homocysteine-lowering treatment on 

endothelial function in humans.  Almost 60% had a strong randomized, double-blind 

placebo-controlled design (n=44, 58%).   A quarter of the studies were open-label 

(n=21, 28%) and more than half of these were also uncontrolled (n=13). 

 

1.5.2.2 Subject characteristics 

Table 1.08 lists the types of subject enrolled in homocysteine-lowering studies. One 

quarter of studies enrolled people with proven coronary artery disease.  The majority of 

remaining studies enrolled healthy adults or people with elevated tHcy, diabetes, renal 

impairment or other cardiovascular risk factors.   Four studies enrolled children or 

adolescents with diabetes, obesity and renal impairment.  

 

Table 1.08  Number of homocysteine-lowering studies by subject type and the 

method used to assess endothelial function 

 

Subject type Study type Outcomes, n  Studies, n (%) 

 FMD Markers Other   

Coronary artery disease 11 8 4 23  20 (26) 

Healthy adults 9 1 1 11 10 (13) 

Elevated tHcy 4 7 1 12 9 (12) 

Diabetes 3 4 4 11 9 (12) 

Renal impairment 7 3 - 10 8 (11) 

Cardiovascular risk factors 4 2 3 9 7 (9) 

Peripheral artery disease 1 3 - 4 4 (5) 

Cigarette smokers 1 1 1 3 2 (3) 

Obese 1 2 - 3 2 (3) 

Renal transplant recipients 2 - - 2 2 (3) 

Heart failure - 1 1 2 1 (1) 

Cardiac transplant recipients 1 - - 1 1 (1) 

Stroke or TIA - 1 - 1 1 (1) 

Total 44 33 15 92 76 (100) 
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1.5.2.3 Interventions used to reduce tHcy 

All 76 studies used folic acid to reduce plasma homocysteine concentrations, either as a 

single agent (n=47 studies, 62%) or combined with other B-vitamins (n=29 studies, 

38%).  Folic acid was most commonly combined with vitamin B6 (n=6 studies), vitamin 

B12 (n=5 studies) or both (n=20 studies).  Four studies tested the effect of the 

metabolically active form of folic acid, 5-MTHF, administered either orally (n=1) or 

intravenously (n=3).  A small number of studies also investigated the effects of vitamin 

B6 alone (n=4), betaine (n=3), folic acid combined with other anti-oxidant vitamins 

(n=2), serine (n=1), n-acetyl-cysteine (n=1) and increased dietary folate intake (n=1).  

Folic acid doses varied from 0.4mg to 30mg per day.  The most frequently administered 

dose was 5mg/day (n=44/76, 58% of studies).  Doses of vitamin B6 and B12 varied 

enormously, from 2mg to 600mg per day and 0.006mg to 500mg per day respectively. 

 

Figure 1.09 Distribution of treatment duration in homocysteine-lowering studies by 

outcome measure 

 

 

 

 

Legend 

     Studies using FMD to assess endothelial-dependent dilation (n=44) 

     Studies using other methods to assess endothelial-dependent dilation (n=15) 

 Studies using circulating markers to assess endothelial function (n=33) 
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1.5.2.4 Treatment duration 

Figure 1.09 shows the distribution of treatment duration by outcome measure.   The 

duration of treatment ranged from two years to less than 24 hours, in studies assessing 

the effects of intravenous infusion of 5-MTHF or pre-treatment with folic acid on post-

methionine-load FMD.   A majority of studies had treatment periods of three months or 

less. 

 

1.5.2.5 Efficacy of homocysteine-lowering treatment 

Folic acid, either alone or in combination with other B-vitamins, reduced fasting tHcy in 

90% of studies reporting post-treatment tHcy levels (n=63/70).  Betaine reduced fasting 

tHcy by 12% and the post-methionine-load increase in tHcy by 40% compared with 

placebo in one group of subjects [168, 265] but did not significantly alter fasting tHcy in 

another study [264].  Oral or intravenous 5-MTHF reduced tHcy in two studies in 

subjects with renal disease [248, 267] but not in a third [291].   Treatment with vitamin 

B6 alone did not significantly reduce fasting or post-methionine-load tHcy in one study 

[244] and its effect was not reported in two others [263, 288].  Pre-treatment with serine 

reduced the post-methionine load increase in tHcy by 30% compared with placebo 

[168]. N-acetyl-cysteine and an increased dietary intake of folate both significantly 

reduced fasting tHcy [245, 303]. 

 

1.5.3 Does lowering homocysteine improve endothelial function? 

If homocysteine-lowering treatment did not affect endothelial function, study results 

should be normally distributed about a null effect.  Assuming no publication biases and 

accurate reporting of valid data, the majority of studies would report no treatment effect 

and a small proportion would report beneficial and adverse effects in equal numbers, at 

a level of statistical significance equivalent to the probability of a difference occurring 

by chance alone. 
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Analysed as a single group, the results of the studies included in this systematic review 

do not follow this distribution.   Almost half the included studies found endothelial 

function to be significantly improved by homocysteine-lowering treatment (n=36/76 

studies, 47%).  Twenty-nine studies reported no change in the measured outcome (38%) 

and eleven studies produced results that were ambiguous in some way (14%).  No 

studies reported an adverse effect of treatment.   When divided into groups according to 

the method used to assess endothelial function, the studies that measured the effect of 

homocysteine-lowering treatment on endothelial-dependent dilation produced stronger 

evidence of an improvement than those assessing circulating markers of endothelial 

activation (Table 1.09). 

 

Table 1.09  The effect of homocysteine-lowering treatment on endothelial function 

by treatment efficacy and outcome measure 

 Effect of treatment on tHcy Outcomes, n 

 Reduced tHcy No change  Not reported  

Flow mediated dilation  

Improved
*
 13 3 3 19 

No change
†
 14 1 1 16 

Ambiguous
‡
  7 1 1 9 

Circulating markers of endothelial activation  

Improved
 §
 6 1 - 7 

No change
||
 25 1 - 26 

Other methods used to assess endothelial-dependent dilation  

Improved
 *
 7 3 1 11 

No change
†
 3 - - 3 

Ambiguous
‡
 1 - - 1 

Outcomes, n 76 10 6 92 

*
p<0.05 for baseline versus post-treatment values or active versus placebo group as reported by authors  

†
No statistically significant effect of treatment as reported by study authors (p>0.10) 

‡
Treatment effect with a p-value between 0.05 and 0.10 inclusive, or improvement in some but not all 

actively treated groups despite a similar treatment effect on tHcy, or improvement in the active treatment 

group versus baseline but not versus placebo 

§
Improvement in at least one of the circulating markers with p<0.05 after Bonferroni correction  

||
No statistically significant effect of treatment after Bonferroni correction (p>0.10) 
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Table 1.09 presents a detailed breakdown of study results by outcome and the effect of 

treatment on tHcy.   Over 40% of the FMD studies and more than 70% of studies using 

other methods to assess endothelial-dependent vasodilation reported a positive treatment 

effect (n=19/44 and n=11/15 respectively).   By contrast, almost 80% of the marker 

studies reported that homocysteine-lowering treatment had no effect on any of the 

outcomes measured (n=26/33).  Seven studies reported improved endothelial function in 

the absence of any significant reduction in tHcy.   These results suggest not only that 

folic acid treatment may improve endothelial function independently of its 

homocysteine-lowering action, but also that it improves endothelial-dependent dilation 

but not circulating markers of endothelial activation, inflammation or thrombosis. 

 

We made every effort to include all relevant, published, peer-reviewed data in this 

review.   Consequently, the included studies vary considerably by design, subject type, 

subject number, intervention and treatment duration.  It is possible, therefore, that 

systematic differences between studies in each of the three groups may have contributed 

to the inconsistent results.   Table 1.10 shows a detailed breakdown of study results by 

study design and outcome measure.  Studies with a strong randomised double-blind 

placebo-controlled design were half as likely to report a significant improvement in 

endothelial function (n=16/44, 36%) than studies with a weaker design (n=21/32, 66%).  

Twenty randomised double-blind placebo-controlled trials tested the effect of 

homocysteine-lowering treatment on circulating markers of endothelial activation.   Not 

one of these studies reported any improvement in the outcomes assessed.   The seven 

studies that reported a positive treatment effect on markers of endothelial activation 

were all uncontrolled open label trials.   These observations point to a possible 

publication bias, where positive studies with a weak design were more likely to be 

published than negative studies with a similar design. 
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Table 1.10 Number of homocysteine-lowering studies by study design and outcome 

*
p<0.05 for baseline versus post-treatment values or active versus placebo treatment as reported by study 

authors 

†
No statistically significant effect of treatment as reported by study authors (p>0.10) 

‡
Treatment effect with a p-value between 0.05 and 0.10 inclusive, or improvement in some but not all 

actively treated groups despite a similar treatment effect on tHcy, or improvement in the active treatment 

group versus baseline but not versus placebo 

 

 

Figures 1.10 shows the number of studies in each subject type that reported an 

improvement in endothelial-dependent dilation or circulating markers of endothelial 

activation.  Figure 1.11 is a similar figure, but showing the number of studies in each 

subject type that reported no improvement in the measured outcomes.   Ten of the 

fifteen studies that measured endothelial-dependent-dilation in people with coronary 

artery disease reported a significant improvement in endothelial function and four 

studies reported a probable improvement.  Six of the seven studies assessing 

endothelial-dependent dilation in diabetic subjects reported an improvement with 

treatment.   These two subject groups account for just over half of the positive results in 

the studies reporting improved endothelial-dependent dilation after homocysteine-

lowering treatment (n=16/30, 53%).  Circulating marker studies in the same subject 

groups produced predominantly negative results.    Nine of the eleven studies in healthy 

adults measured FMD and two-thirds of these reported no treatment effect. 

 Study Type Outcomes, n Studies, n (%) 

 FMD Markers Other   

Randomised, double-blind, placebo-controlled trials 

Improved function
*
 9 - 7 16 16 (21) 

No change
†
 10 20 1 31 20 (26) 

Ambiguous
‡
 8 - - 8 8 (10) 

All other study designs 

Improved function
*
 11 7 4 22 21 (28) 

No change
†
 5 6 2 13 9 (12) 

Ambiguous
‡
 1 - 1 2 2 (3) 

Total, n 44 33 15 92 76 (100) 
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Figure 1.10 Number of studies reporting improved endothelial function after 

homocysteine lowering treatment by subject type and outcome measure 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.11 Number of studies reporting no improvement in endothelial function after 

homocysteine lowering treatment by subject type and outcome measure 
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The marker studies had longer treatment periods than studies assessing endothelial-

dependent dilation, with a mean duration of 155 ± 183 days (median 12 weeks) 

compared 94 ± 127 days (median 8 weeks) in the FMD studies and 75 ± 101 days 

(median=5 weeks) in the other studies (p=0.008, Kruskal-Wallis test, one-day studies 

excluded from analysis).   The marker studies also enrolled more subjects (mean=92 ± 

104 subjects, median 55) than FMD studies (mean=44 ± 33 subjects, median 31) or 

other studies (mean=26 ± 12, median 20; p=0.001, Kruskal-Wallis test).   Folic acid 

doses did not differ significantly between the three groups of studies (marker studies 4.9 

± 3.2mg, FMD studies 5.6 ± 3.2mg; other studies 4.7 ± 2.3mg; p=0.52, one-way 

ANOVA).   There were no strong differences in the relative proportions of studies 

within each group using folic acid as a sole agent or combining it with other B-vitamins. 

 

1.5.3.1 Summary 

The data reviewed above indicates that folic acid treatment improves endothelial-

dependent dilation in some subjects, particularly those with coronary artery disease and 

diabetes.   Studies in the same types of subjects found little or no effect on circulating 

markers of endothelial activation.   A greater proportion of the FMD studies were 

conducted in healthy adults, but as most were negative, they do not explain the 

apparently inconsistent treatment effect.   The proportions of investigators combining 

vitamin B6 and/or B12 with folic acid were similar in the three groups of studies.   

However, the doses of the B-vitamins varied enormously between studies, and this 

factor may have affected the outcome, although study numbers were too small for any 

detailed analysis.  The only significant systematic differences identified were that the 

marker studies tended to be larger and of longer duration than those assessing 

endothelial-dependent dilation.   It seems doubtful, therefore, that the marker studies 
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used a less efficacious intervention or has less power to detect a treatment effect than 

studies assessing endothelial dependent dilation. 

 

1.5.4 Does lowering homocysteine improve endothelium-dependent 

vasodilation but not other markers of endothelial dysfunction? 

Fourteen investigators who measured circulating markers of endothelial activation also 

assessed endothelial-dependent dilation by FMD (n=11), venous plethysmography 

(n=2) and microvascular reactivity (n=1) in the same subjects.  Eight of these studies 

reported no effect of homocysteine-lowering treatment on any of the measured 

outcomes.  The other six studies reported a significant increase in endothelial-dependent 

dilation but no change in any of the circulating markers measured [228-231, 259, 266, 

268].  The data from these six randomised, double-blind placebo-controlled studies 

show the same inconsistency as the overall review; that lowering homocysteine 

improves endothelial-dependent dilation but not circulating markers of endothelial 

activation. 

 

As described above, the endothelium produces a large variety of metabolically active 

substances. The studies included in this review assessed more than 30 of these 

molecules.  Endothelial-dependent dilation, particularly if assessed by FMD, is 

generally understood to measure the activity of a single vasodilator, nitric oxide [134].   

This observation suggests a possible mechanistic explanation for the discrepancy 

between mainly negative results from the marker studies and frequent positive results 

from studies assessing endothelial-dependent dilation.    Folic acid, either independently 

or through its tHcy-lowering effect, may improve the capacity of the endothelium to 

produce or release nitric oxide.  This hypothesis has been raised and investigated by 

previous investigators and there is certainly some evidence to support it [294, 304, 305]. 

However, it is surprising that the marked improvements in FMD reported by many 
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investigators were not associated with significant change in any of the other molecules 

produced by endothelial cells.   Other explanations for the discrepant study results 

should also be considered, such as publication biases or, more controversially, the 

conscious or unconscious manipulation of study design and data by investigators. 

 

When examined as a group, studies reporting a positive treatment effect had half as 

many subjects as those reporting no treatment effect  (n=34 ± 23 subjects, median 27, 

n=37 studies versus n=79 ± 93 subjects, median 41, n=44 studies; p=0.004).   Studies 

reporting a positive treatment effect also tended to be of shorter duration than those 

reporting no effect (mean=89 ± 99 days, median 8 weeks, n=33 studies versus 

mean=141 ± 193 days, median 9 weeks, n=44 studies; p=0.09; one-day studies excluded 

from analysis).   These differences might be due to the marker studies, as these studies 

produced predominantly negative results and were larger and of longer duration than 

those assessing endothelial-dependent dilation.   However, the trend towards smaller 

subject numbers and shorter treatment periods in positive compared with negative 

studies remained when marker studies were excluded from analysis.   These differences 

might be due to a publication bias, where small positive studies were published while 

negative studies of a similar size were not.   However, the observed differences could 

also have arisen if some investigators reported their results as soon as data had been 

collected from sufficient subjects to show a statistically significant treatment effect or if 

measurements taken at an intermediate point in the study rather than at the end of the 

treatment period were reported.   Both these practices would produce the types of bias 

observed, where shorter, smaller studies were more likely to produce positive results 

than longer, larger studies. 

 

 



Chapter One 

114 

A more controversial explanation for the increased frequency of positive results in 

studies measuring endothelial-dependent dilation is that FMD and venous 

plethysmography are highly operator-dependent techniques and are thus vulnerable to 

unconscious or conscious manipulation by investigators.   It has been claimed that the 

edge-detection software used to measure arterial diameter eliminates observer biases 

and that FMD measurements made with such software are operator-independent [306].   

However, data presented in Chapters Two and Three of this thesis demonstrate that 

many factors influence arterial diameter measurements and large errors may be 

introduced during both the recording and analysis of ultrasound images [2, 3]. 

 

Assuming that data from studies reporting a positive treatment effect on endothelial-

dilation are accurate and valid, the question of whether folic acid has a beneficial effect 

on the vasculature independent of its effect on tHcy is also raised.  This possibility has 

been suggested by several previous investigators [100, 266, 307-309].   Seven studies 

reported a significant improvement in endothelial function in subjects receiving folic 

acid or the metabolically active form of folic acid, 5-MTHF, without any associated 

reduction in tHcy.  Two of these studies were small with a case-control design (10 

cases, 10 controls) [250, 291] and one was an uncontrolled, open label trial with 15 

subjects [258].  The other four trials had stronger randomised, double-blind placebo-

controlled designs, but only one had more than 18 subjects [259, 266, 293, 301].  

Although the small subject numbers might explain why the post-treatment change in 

tHcy was not statistically significant, an independent effect of folic acid on endothelial 

function cannot be excluded. 

 

 

 



Chapter One 

115 

Betaine offers a possible means of distinguishing between the benefit derived from 

homocysteine-lowering and an independent effect of folic acid on the endothelium.  

Two well-designed, randomised placebo-controlled trials used betaine to lower tHcy 

[264, 265].  One reported that treatment with betaine 3G twice daily for six weeks 

neither reduced tHcy nor improved FMD in 21 patients with coronary artery disease 

[264].   The second paper reported results from a randomised, double-blind, placebo-

controlled cross-over study in 39 healthy volunteers aged 50-70 years [265].  The 

subjects took 0.8mg of folic acid daily, 3 grams of betaine twice daily and placebo for 

six weeks each, with a six-week washout between each course of treatment.  The 

authors optimised the assessment of FMD to the maximum degree possible in free-

living subjects by providing all food consumed and standardising tea and coffee 

consumption the day before the assessment and regulating the fasting time in all 

subjects.  FMD was assessed in duplicate on two separate occasions to reduce 

measurement error.   Folic acid supplementation reduced tHcy by 20% and betaine 

supplementation by 12% relative to placebo, but neither treatment improved FMD.   

The absence of any improvement in FMD in this well-designed trial, despite significant 

reductions in tHcy with both types of treatment, does not support either homocysteine-

lowering treatment or folic acid as having a significant effect on endothelial-dependent 

dilation in healthy subjects. 

 

1.5.4.1 Summary 

A very large number of investigators have tested the effects of homocysteine-lowering 

on endothelial function.   The results of their investigations are somewhat ambiguous. 

Half of the studies measuring endothelial-dependent dilation reported a significant, 

positive effect of treatment but very few studies found improved circulating markers of 

endothelial activation in the same subject groups.   The reasons for this discrepancy are 
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not clear.   The differential effects may point to a possible mechanism by which 

elevated tHcy increases vascular risk.  Homocysteine may inhibit the production or 

release of nitric oxide by endothelial cells and folic acid, either independently or 

through its tHcy-lowering action, may have some capacity to reverse this effect.  

However, it is also possible that the inconsistent results are due to publication biases or 

manipulation of study design or data by investigators. 
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Potential papers identified 

and screened  (n=37) 
Reasons for exclusion from this review 

Observational data   n=24 

Review or commentary  n=4 

Not relevant to topic   n=1 

Total     n=29 

Yes
*
    n=2 

No   n=4 

Ambiguous
†
  n=2 

Papers included  (n=8) 

Was CIMT improved by 

tHcy-lowering treatment? 

 

1.5.5 Homocysteine-lowering treatment and CIMT 

Studies investigating the effect of homocysteine-lowering treatment on CIMT were 

identified in Medline and EMBASE databases with the search strategy [carotid intima 

media OR intima medial thickness or IMT] and [folate or folic acid OR folic] and by a 

manual search of references in relevant papers. Thirty-seven papers were screened 

(Figure 1.11).  All papers reporting data from intervention studies designed to test the 

effect of homocysteine-lowering treatment on CIMT were included in this review (n=8).  

Observational data (n=24) and review articles (n=4) were excluded.  

 

Figure 1.12 Flow chart of the selection process and outcomes of studies included in 

this review of the effect of homocysteine-lowering treatment on CIMT 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
*
p<0.05 for post-treatment difference between treatment and placebo groups 

†
Other treatments also trialled and the effect of homocysteine-lowering alone not clearly 

significant or change from baseline significant but no difference between treatment and placebo groups at 

follow-up  
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Table 1.11 Summary of studies investigating the effect of tHcy-lowering with B-vitamins on carotid intima-medial thickness 

 

Study Design Subject type  Intervention Treatment 

period 

Post-treatment  

tHcy (mol/L) 

Effect on CIMT (mm) 

Marcucci 2003[310] Randomised DB, 

PC trial 

Renal transplant 

recipients (n=53) 

FA 5mg/day + 

 B6 50mg/day +  

B12 0.4mg/day (n=25) 

Placebo (n=28) 

6 months FA 9.3 (6,13.) 

Placebo 20.7 (15, 34) 

p<0.01 

FA 0.64 ± 0.17 

Placebo 0.87 ± 0.19 

p<0.001 

Till 2005 [309] Randomised DB, 

PC trial 

CIMT of ≥1mm 

(n=50) 

FA 2.5mg/day + 

B6 25 mg/day + 

B12 0.5mg/day (n=26) 

Placebo (n=24) 

1 year FA 6.6 ± 1.5 

Placebo 10.5 ± .3.3 

p<0.001 

FA 1.42 ± 0.48 

Placebo 1.54 ± 0.71 

p=0.48 

p=0.02 for change in CIMT 

from baseline  

Austen 2006 [262] Randomised DB, 

PC crossover 

Renal transplant 

recipients (n=10) 

FA 5mg/day 

Placebo 

3 months TX 

2 months WO 

FA 12.9 ± 4.7 

Placebo 17.8 ± 5.4 

p<0.05 

FA 0.49 ± 0.20 

Placebo 0.50 ± 0.11 

p=NS 

Fernandez-Miranda 

(2006) [311] 

Randomised, 

open-label, 

single-blind trial 

Coronary artery 

disease (n=137) 

FA 2.5mg/day (n=61) 

No treatment (n=63) 

~3 years FA 10.3 ± 2.4 

Controls 11.9 ± 2.9 

p=0.001  

FA 0.69 ± 0.20 

Controls 0.72 ± 0.29 

p=0.50 

Tungkasereerak 

2006 [312] 

Randomised, 

DB, controlled 

trial 

Haemodialysis 

patients (n=54) 

FA 15mg/day +  

B6 50mg/day + 

B12 1mg/day 

FA 5mg/day  

6 months FA 15mg 22.7 ± 3.7 

FA 5mg 30.8 ± 8.8  

p=0.002 

FA 15mg 0.62 ± 0.16 

FA 5mg 0.69 ± 0.29 

p=0.28 
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Study Design Subject type  Intervention Treatment 

period 

Post-treatment  

tHcy (mol/L) 

Effect on CIMT (mm) 

Zoungas 2006 [313] Randomised, DB  

PC trial 

End-stage renal 

disease (n=246) 

FA 15mg/day (n=120) 

Placebo (n=126) 

~3 years Between-group 

difference significant at 

most time points 

FA 1.04 ± 0.23 

Placebo 1.06 ± 0.29 

p=0.55 

Durga 2007 [314] 

(abstract only) 

Randomised, DB 

PC trial 

General population 

50-70 years 

(n=819) 

FA 0.8mg/day  

Placebo 

3 years 26% reduction in tHcy 

(95% CI 24-28%) 

No difference in mean or 

maximum CIMT between 

treatment groups 

Nanayakkara (2007) 

[269] 

Randomised, DB 

PC trial 

Non-diabetic 

patients with 

chronic renal 

failure 

(n=78) 

Pravastatin 40mg/day + 

-tocopherol 300mg/day + 

FA 5mg & B6 100mg & 

B12 1mg/day (n=38) 

Placebo (n=40) 

18 months 

12 months 

6 months 

 

18 months 

FA 11.3  4.7 

Placebo 19.7  10.4 

p<0.001 

FA 0.63  0.12  

Placebo 0.71  0.18 

p=0.03 

This difference not necessarily 

due to B-vitamins.  

Vianna 2007 [289] Randomised, DB 

PC trial 

End-stage renal 

disease (n=186) 

FA 10mg/3 days per week 

(n=93) 

Placebo (n=93) 

2 years BL 23.5 (9.5,58.3) 

PT 10.5 (2.8,20.2) 

p<0.01 

FA 1.69 ± 0.35 

Placebo 2.09 ± 0.46 

p<0.01 

 

CIMT indicates carotid intima-medial thickness, DB indicates double blinded; PC, placebo-controlled; FA, folic acid; B6, vitamin B6, B12, vitamin B12; TX, treatment; WO, 

washout; NS, not significant; BL, baseline; PT, post-treatment. 
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1.5.5.1 Study design  

Eight of the nine studies included in this review had a randomized, double-blind 

placebo-controlled design.   The remaining study was randomized and single-blind with 

untreated controls [311].  

 

1.5.5.2 Subject characteristics 

Six studies were conducted in subjects with renal disease, either renal transplant 

recipients [262, 310] or in subjects with chronic kidney disease [269, 289, 312, 313].   

The other three studies were conducted in healthy subjects with a CIMT of ≥ 1mm 

[309] in subjects with proven coronary artery disease [311] and in a general population 

sample[314]. 

 
1.5.5.3 Efficacy and duration of homocysteine-lowering treatment 

Over half the studies used folic acid alone to reduce tHcy (n=5) and the remainder used 

a combination of folic acid, vitamin B6 and vitamin B12 (n=4).  One study pre-treated 

the participants with pravastatin for 12 months and α-tocopherol for six months prior to 

the B-vitamin treatment [269].    The folic acid doses ranged from 0.8mg to15mg per 

day, the B6 doses from 25mg to 100mg per day and the B12 doses from 0.4mg to 1mg 

per day.    All studies reported a significant reduction in mean tHcy after vitamin 

treatment compared with placebo treatment.  The shortest period of treatment was three 

months and the three longest running studies treated subjects for approximately three 

years. 

 

1.5.5.4  Does homocysteine-lowering treatment improve CIMT? 

Two studies reported a significant reduction in CIMT after treatment periods of six 

months [310] and two years [289].    Two studies produced ambiguous results.  One 

reported a significant reduction in post-treatment CIMT compared with baseline, but no 
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significant difference from the placebo group after 12 months [309].  The other study 

tested six months of combined B-vitamin treatment after 12 months of pravastatin and it 

was not clear how much of the subsequent reduction in CIMT was due to the 

homocysteine-lowering and how much to the cholesterol-lowering pre-treatment [315].  

The remaining five studies found no significant effect of homocysteine-lowering 

treatment on CIMT, although the mean CIMT values were generally lower in the active 

treatment group than the placebo group. 

 

1.5.6 Summary 

The effects of homocysteine-lowering treatment on markers of atherosclerotic disease 

vary according to the outcome assessed and the subjects in whom the intervention is 

tested.   Folic acid supplementation significantly improves endothelial-dependent 

dilation in people with coronary artery disease or diabetes, but has little effect on this 

outcome in healthy adults.   Lowering homocysteine does not affect levels of any 

circulating markers of endothelial activation, inflammation or thrombosis and nor does 

it convincingly reduce carotid intima-medial thickness.   These results are largely 

consistent with evidence that elevated tHcy impairs endothelium-dependent dilation but 

has a relatively weak cross-sectional relationship with circulating markers of endothelial 

activation and CIMT. 

 

FMD assesses vascular function and CIMT measures vascular structure.   These 

techniques thus assess different aspects and stages of early atherosclerotic change [316].   

The improvements in endothelium-dependent vasodilation in many studies associated 

with homocysteine-lowering treatment may indicate that folic acid has a beneficial 

effect on vascular function that is not translated into improved vascular structure.   The 

improvement in one aspect of endothelial function, nitric-oxide mediated vasodilation, 

and the lack of any significant improvement in any circulating markers of endothelial 
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dysfunction may point to a mechanism by which homocysteine and/or folic acid affect 

vascular function.   However, the results also indicate that short-term folic acid 

treatment is more likely to improve endothelium-dependent vasodilation than longer-

term treatment.   It is difficult to explain this observation.   While it is possible that long 

term B-vitamin treatment has adverse effects on the vasculature that counteract any 

short term benefits, publication bias or manipulation of study design or data offer a 

plausible alternative explanation for the discrepancy. 

 

Impaired FMD is widely accepted as an indicator of increased vascular risk.   An 

improvement of one standard deviation in FMD, an absolute difference of 

approximately 1.2%, apparently predicts a 9% reduction (95% CI 1%, 17%) in the risk 

of a future myocardial infarction or ischemic stroke [17].   Is the apparent improving 

effect of homocysteine-lowering on FMD translated into a change in the risk of an 

atherothrombotic event?   The final section of this review examines evidence from 

several large randomised clinical trials designed to investigate the effect of 

homocysteine-lowering treatment on actual vascular events. 
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1.6 Does Lowering Homocysteine Prevent Vascular Events? 

1.6.1 Introduction 

Lowering homocysteine with B-vitamins appears to improve endothelium-dependent 

vasodilation but does not significantly alter other markers of early atherosclerosis.   To 

confirm that homocysteine is a modifiable causal factor for cardiovascular disease, it is 

necessary to demonstrate that lowering tHcy reduces the risk of actual atherothrombotic 

events.   Over the last decade, many large clinical trials have investigated the effects of 

B-vitamin supplementation on vascular event rates [317-323].   All trials reported 

significant reductions in tHcy in vitamin-treated subjects compared with placebo. 

However, completed trials have largely failed to show that homocysteine-lowering 

treatment reduces cardiovascular events or mortality.  

 

1.6.2 Meta-analyses of published data 

Bazzano et al. published the first meta-analysis of homocysteine-lowering trial data in 

late 2006 [324]. The authors analysed data from twelve studies with a combined total of 

almost 17000 participants.  They found no significant improvement in any of the 

vascular endpoints or in overall mortality in vitamin-treated subjects compared with 

placebo. The pooled estimates of relative risk for B-vitamin treated patients were 1.04 

(95% CI 0.92, 1.17) for coronary heart disease, 0.86 (95%CI 0.71, 1.04) for stroke and 

0.96 (95%CI 0.88, 1.04) for all-cause mortality.   While the confidence intervals were 

consistent with a moderate reduction in the risk of vascular events, there was no 

unambiguous evidence of benefit.    

 

A more recent meta-analysis included additional data from a large Chinese study and 

found that folic acid supplementation reduced the risk of stroke by 18% (RR 0·82, 95% 

CI 0·68, 1·00) [325].  Wang et al. also reported that subjects who were treated for more 

than 36 months or had a greater than 20% reduction in tHcy or had no prior history of 
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stroke experienced more significant risk reduction.  This paper, in combination with 

data showing an improvement in stroke mortality after the introduction of mandatory 

folic acid fortification in the United States and Canada, has generated speculation that 

homocysteine-lowering may prove more effective in preventing stroke than other forms 

of vascular disease [326-329].   

 

1.6.3 Recent trial data 

Three additional trials have reported their findings recently, Homocysteinemia in 

Kidney and End Stage Renal Disease trial (HOST), the Women‟s Antioxidant and Folic 

Acid Cardiovascular Study (WAFACS) and the Western Norway B-vitamin 

Intervention Trial (WENBIT).  

 

The HOST trial enrolled 2056 people with advanced or end-stage renal disease and had 

the primary outcome of all-cause mortality.   The investigators also reported that B-

vitamin treatment did not significantly reduce the risk of all cause mortality or any of 

the secondary endpoints, including myocardial infarction or stroke [330]. An editorial 

accompanying the HOST data updated the Bazzano meta-analysis, reporting an overall 

odds ratio of 1.00 (95%CI 0.92, 1.09) for coronary heart disease and 0.88 (95%CI 0.78, 

1.00) for stroke per 3.1mol/L reduction in tHcy [331]. 

 

WAFACS enrolled 5442 female health professionals aged 42 years or older with a 

history of cardiovascular disease or three or more vascular risk factors.  Approximately 

one third of the women had not experienced a vascular event.  The participants were 

treated for a mean of 7.3 years, substantially longer than any previous trial.  The 

WAFACS investigators found no difference in the composite endpoint of cardiovascular 

death, MI, stroke or revascularization between treatment and placebo groups (RR 1.03, 
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95% CI 0.90, 1.19) or in any of the individual components of the composite [332]. Nor 

did they find any evidence of benefit in the sub-group of subjects who had not 

experienced a prior vascular event.   

 

WENBIT published its results in August 2008.  This Norwegian study was conducted in 

3096 adults undergoing coronary angiography.   The study was terminated early due to 

concerns about the possibility of adverse effects from the intervention in a 

contemporaneous Norwegian trial.  WENBIT investigators found no difference between 

folic acid and non-folic acid groups in a composite endpoint of death, non-fatal MI, 

stroke or hospitalisation with unstable angina (HR 1.09, 95%CI 0.90, 1.32) [333].   The 

authors found a lower incidence of stroke in the groups receiving folic acid, but the 

effect was not statistically significant (HR 0.72, 95%CI 0.44,1.17). 

 

These recent results, added to earlier data, suggest that moderately elevated tHcy is a 

risk marker for vascular disease rather than a causal risk factor.  B-vitamin treatment 

modifies the marker without reducing the underlying risk.  However, the homocysteine 

hypothesis is not yet disproved.   Most of these trials enrolled subjects with existing 

vascular disease, with end-stage renal failure or with multiple risk factors for 

atherosclerosis.  B-vitamins may prove more effective if treatment is begun prior to the 

development of clinically evident disease, although the WAFACS results do not support 

this hypothesis.   It is also possible that the introduction of mandatory fortification of 

food with folic acid in some populations while trials were running may have diminished 

the size of the treatment effect or that an overestimation of the benefits of 

homocysteine-lowering treatment based on flawed observational data has led to 

underpowered studies[334]. 
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1.6.4 Negative consequences of long-term B-vitamin supplementation? 

It is also possible that long-term B-vitamin therapy has negative effects that counteract 

any benefit from reducing tHcy.  The Heart Outcomes Prevention Evaluation (HOPE)-2 

study found that the vitamin-treated subjects were more likely to be hospitalised with 

unstable angina than those on placebo (RR 1.24, 95%CI 1.04, 1.49), a finding that 

might be attributed to chance were it not for previous evidence that B-vitamin therapy 

increases the risk of in-stent restenosis and the need for revascularization following 

angioplasty [317, 335]. In addition, initial results from the Norwegian Vitamin Trial 

(NORVIT) presented at the 2005 European Society of Cardiology Congress showed a 

trend towards an increased cancer rate in folic acid versus non-folic acid groups (RR 

1.4, 95%CI 1.0 to 2.0), although this finding was not replicated in data published 

subsequently [336].  HOPE-2 also reported a non-significant increase in the relative risk 

of incident cancer of 1.06 (95%CI 0.91, 1.23) associated with folic acid treatment, as 

did WENBIT (HR 1.25, 95%CI 0.91, 1.71) [317]. 

 

There are certainly plausible biological mechanisms by which folic acid 

supplementation might increase cancer risk [337]. Actively dividing cells require folate 

to synthesize DNA and animal studies show that excess folic acid promotes growth of 

in-situ tumours[338-340]. An abrupt increase in colorectal cancer rates followed the 

introduction of mandatory food fortification with folic acid in both the USA and 

Canada, and recent epidemiological data suggests that individuals who take B-vitamin 

supplements may be at increased risk of breast, prostate and colorectal tumours [341-

345].   It is also possible that excess folic acid, through these growth-promoting effects, 

could conceivably accelerate intimal hyperplasia and smooth muscle cell proliferation in 

existing vascular lesions. 
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1.6.5 Summary 

Several large homocysteine-lowering trials are still ongoing and will provide additional 

data on the safety and efficacy of long-term B-vitamin supplementation [320, 322, 346, 

347].   A meta-analysis including data from more than fifty thousand trial participants is 

planned and will have adequate power to clearly determine whether lowering tHcy 

reduces vascular event rates [348].   The available evidence from clinical trials does not 

support the hypothesis that elevated tHcy is a modifiable causal risk factor for 

cardiovascular disease. 



Chapter One 

-128- 

1.7 Conclusions 

McCully first noted an association between elevated plasma homocysteine 

concentrations and premature vascular disease in 1969.   The precise nature of the 

relationship between tHcy and cardiovascular risk has continued to intrigue and puzzle 

researchers ever since and many papers have been published on the subject.   We have 

reviewed some of this extensive literature with the aim of determining whether tHcy is a 

modifiable causal risk factor for cardiovascular disease or simply a marker of vascular 

risk. 

 

Epidemiological evidence confirms a significant association between elevated tHcy and 

an increased risk of vascular events such as myocardial infarction and ischemic stroke.   

Interpretation of the epidemiological data is complicated by the fact that many variables 

strongly associated with cardiovascular risk, including age, sex, renal function, 

nutritional intake, diabetes, cigarette smoking, alcohol consumption and level of 

physical activity, also influence tHcy.   Adjusting for these confounders attenuates the 

relationship between tHcy and vascular risk but, as the precise mechanisms by which 

these variables contribute to atherogenesis are unknown, it is possible that their 

relationship with atherosclerotic disease is mediated through their effects on tHcy.   

However, the association between elevated tHcy and vascular risk in the 

epidemiological data is stronger in retrospective than prospective studies, suggesting 

that elevated tHcy is less likely to be a cause of atherothrombotic events than a 

consequence of existing disease or a marker of total risk burden. 

 

Genetic epidemiology offers a solution to the problems of reverse causality and residual 

confounding that affect observational data.   A single nucleotide polymorphism in the 

MTHFR gene occurs in approximately 10% of the population and TT homozygotes are 
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exposed to plasma homocysteine concentrations that are 25% higher than those of their 

compatriots.   Meta-analyses of data from studies that have exploited this natural 

randomised experiment generally report TT homozygotes to be at higher risk of 

experiencing a vascular event than those carrying the C allele.   The principle of 

Mendelian randomisation assumes that confounders in the relationship between tHcy 

and atherosclerotic disease are independently distributed between the genotypes.  The 

observed difference in risk should therefore be due to the effects of the polymorphism.   

The genetic data thus support elevated tHcy as a cause of cardiovascular disease. 

 

However the association between the TT genotype and vascular events is much stronger 

in some geographical regions than others, implying either a publication bias, an 

interaction with nutritional or environmental factors or linkage disequilibrium with 

other genetic sequences that confer the actual risk.   In addition, it is assumed that the 

association between the T allele and vascular risk is due to elevated tHcy, but reduced 

MTHFR enzyme activity in TT homozygotes also alters the availability of folate 

derivatives in many other metabolic pathways, including DNA methylation and 

nucleotide synthesis.   The effect of the mutation on these important biological 

processes may prove of greater significance for atherogenesis than its effect on 

homocysteine metabolism.   Observational and genetic epidemiological data thus 

confirm the association between elevated tHcy and increased vascular risk but cannot 

establish causality in the relationship. 

 

To prove that homocysteine is a modifiable causal risk factor for cardiovascular disease, 

it is necessary to show that lowering tHcy reduces vascular risk.   Folic acid and vitamin 

B12 supplements reduce plasma homocysteine concentrations by up to 30% in most 

individuals.   Many investigators have measured the effect of this type of intervention 
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on surrogate markers of atherosclerotic disease, such as endothelial-dependent dilation 

assessed by FMD, carotid intima-medial thickness and circulating markers of 

endothelial activation.   The results have been inconsistent.   Many randomised, double 

blind, placebo-controlled trials have reported that lowering tHcy with folic acid 

improves endothelium-dependent vasodilation, particularly in people with existing 

coronary artery disease or diabetes.   However, an equal number of well-designed trials 

have failed to show any significant effect of the intervention on FMD, CIMT or 

circulating markers of endothelial activation. 

 

Although they achieved the same reductions in tHcy as those reporting improved 

outcomes, the negative studies may have lacked power to detect or exclude a treatment 

effect.   As the positive studies were on average smaller and of shorter duration and 

more likely to have a weak design than negative studies, a publication bias rather than a 

lack of power is an equally plausible explanation for the inconsistency.  It is also 

possible that the subjective nature of the measurements involved in assessing 

endothelium-dependent vasodilation allowed some investigators to influence their own 

data. 

 

If homocysteine-lowering treatment with B-vitamins does significantly improve 

endothelial-dependent vasodilation, not only is it difficult to separate this effect from an 

independent effect of folic acid on the endothelium but also to reconcile the apparent 

beneficial treatment effect on a surrogate vascular marker with mostly negative results 

from large randomised clinical trials assessing hard vascular endpoints.   The majority 

of the large homocysteine-lowering trials published to date have failed to produce 

evidence of a significant reduction in the risk of coronary heart disease or all cause 

mortality in subjects treated with B-vitamins.   Although studies may have been 
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underpowered to detect a treatment effect and there is a small amount of evidence that 

lowering homocysteine may be more beneficial in ischemic stroke than other types of 

vascular disease, data from several more large trials are required before a definitive 

conclusion can be drawn about the nature of the relationship between homocysteine and 

vascular risk. 

 

On balance, the literature surveyed in this review supports elevated tHcy as a risk 

marker for cardiovascular disease rather than a modifiable causal risk factor. 
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2.1 Abstract  

2.1.1 Background 

Carotid intima-media thickness (CIMT) measured by B-mode ultrasonography is a 

marker of atherosclerosis and is commonly used as an outcome in intervention trials.  

We have developed DICOM-based software that measures CIMT rapidly on multiple 

end-diastolic image frames.  The aims of this study were to compare the performance of 

our new software with older bitmap-based CIMT measurement software and to 

determine whether a ten-fold increase in the number of measurements used to calculate 

mean CIMT would improve reproducibility.  

 

2.1.2 Methods 

Two independent sonographers recorded replicate carotid scans in thirty volunteers  and 

two blinded observers measured CIMT off-line using the new DICOM-based software 

and older bitmap-based software.  A Bland-Altman plot was used to compare CIMT 

results from the two software programs and t-tests were used to compare analysis times. 

F-tests were used to compare the co-efficients of variation (CVs) from a standard six-

frame measurement protocol with CVs from a sixty-frame measurement protocol. 

Ordinary least products (OLP) regression was used to test for sonographer and observer 

biases. 

 

2.1.3 Results 

The new DICOM-based software was much faster than older bitmap-based software 

(average measurement time for one scan 3.4 ± 0.6 minutes versus 8.4 ± 1.8 minutes, 

p<0.0001) but CIMT measurements were larger than those made using the alternative 

software (+0.02mm, 95%CI 0.01-0.03mm).  The sixty-frame measurement protocol had 

worse reproducibility than the six-frame protocol (inter-observer CV 5.1% vs 3.5%, 
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p=0.004) and inter and intra-observer biases were more pronounced in the sixty-frame 

than the six-frame results.   

 

2.1.4 Conclusions 

While the use of DICOM-based software significantly reduced analysis time, a ten-fold 

increase in the number of measurements used to calculate CIMT did not improve 

reproducibility.  In addition, we found that observer biases caused differences in mean 

CIMT of a magnitude commonly reported as significant in intervention trials.   Our 

results highlight the importance of good study design with concurrent controls and the 

need to ensure that no observer drift occurs between baseline and follow-up 

measurements when CIMT is used to monitor the effect of an intervention.  
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2.2 Introduction  

Carotid intima-medial thickness (CIMT), measured with B-mode ultrasound, is a 

marker for atherosclerosis.  CIMT is correlated with the known risk factors for 

cardiovascular disease and is an independent predictor of myocardial infarction and 

ischemic stroke [191-193, 206, 349, 350].  Consequently, CIMT is used as an outcome 

measure in intervention trials [351-354] and has recently been promoted as a method for 

assessing cardiovascular risk in individual patients in clinical practice [355-357].   

 

Edge-detection software has become the accepted standard for CIMT measurement. The 

use of software improves CIMT reproducibility and reduces observer bias compared 

with manual techniques [358, 359].  Until recently, most software measured CIMT on a 

single B-mode image frame selected by a sonographer or observer, saved as a bitmap or 

JPEG image and then opened in the program interface [358, 360-363].  In principle, this 

type of software can be used to measure CIMT on any number of image frames.  In 

practice, the time required to capture, save and load each single bitmap or JPEG image 

file into the program makes it impractical to estimate CIMT from more than a few 

measurements per subject.  

 

We have developed software that measures CIMT rapidly on the multiple end-diastolic 

image frames contained in a single DICOM file.   We hypothesize that increasing the 

number of measurements used to estimate CIMT will reduce random measurement error 

and improve reproducibility.  In addition, DICOM-based software will reduce CIMT 

measurement time compared with older software by eliminating the requirement to open 

multiple individual image files.   
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2.2.1 Study aims 

The aims of this study are to compare our new DICOM-based CIMT measurement 

software with older bitmap-based software and to determine whether a ten-fold increase 

in the number of image frames used to estimate CIMT improves reproducibility.  We 

have also conducted a systematic review of previously published CIMT reproducibility 

data. 

 

2.3 Methods 

The study protocol was approved by the Royal Perth Hospital Ethics Committee and all 

subjects gave written informed consent prior to taking part.  

 

2.3.1 Subjects  

30 volunteers chosen to have a range of CIMT values were recruited for the study. Eight 

subjects were normal healthy volunteers, seven had disordered lipid metabolism and 

fifteen subjects had a history of stroke or transient ischemic attack.  Subject 

characteristics are presented in Table 2.1. The subjects attended for two visits separated 

by one week.  Two sonographers scanned each subject in random order on both visits. 

 

 
Table 2.01 Subject characteristics 

 

 
Normal 

n=8 

Hyperlipidaemic 

n=7 

Stroke 

n=15 

Sex, male 2 6 11 

Age, years 38 ± 9 57 ± 11 64 ± 13 

Body mass index, kg/m
2
 24 ± 3 28 ± 4 30 ± 6 

Systolic BP, mmHg 117 ± 15 135 ± 15 130 ± 15 

Diastolic BP, mmHg 67 ± 8 75 ± 7 72 ± 11 

CIMT, mm 0.54 ± 0.08 0.81 ± 0.26 0.87 ± 0.22 
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2.3.2 Ultrasound protocol 

The subject lay supine on an examination couch with their head turned 45 degrees away 

from the side being scanned. The sonographers obtained longitudinal B-mode images of 

the left and right common carotid arteries, immediately proximal to the carotid 

bifurcation.  Each sonographer adjusted focus and gain settings to optimise far-wall 

echoes and to minimise noise in the arterial lumen. Dynamic range and image presets, 

including persistence, edge tracking and pre and post-processing, were not changed 

between scans. A three lead ECG trace was recorded simultaneously with the B-mode 

images.  The sonographers recorded image sequences for twenty seconds from each of 

three standardised probe angles (posterior, lateral and anterolateral) in both the left and 

right common carotids.  Each subject thus had four scans (two visits and two 

sonographers) and each scan consisted of six twenty-second image sequences (three 

from the left carotid and three from the right) stored as a single DICOM file.  The 120 

scans were recorded to a computer hard-drive using the digital acquisition system 

described below. A unique four digit ID was used to identify each scan so that observers 

measuring the CIMT were blinded to subject, visit number and sonographer. 

 

2.3.3 Image acquisition system  

A 10 MHz multi-frequency linear array probe attached to a high-resolution ultrasound 

machine (Acuson Aspen, Mountain View, CA) was used to record the ultrasound 

images. A 75 coaxial cable from the video output port of the ultrasound machine was 

plugged into the video input port of a National Instruments IMAQ-PCI-1411, single 

channel, 8-bit colour image-acquisition board. The analogue video output from the 

ultrasound machine was converted into a digital DICOM 3.0 file in real time by 

proprietary DICOM Encoder software and stored on the hard-drive of a standard 

personal computer running Windows 2000.  Image sequences recorded in the DICOM 

format are stored in a single file as a series of JPEG images that can be viewed 
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individually frame by frame or played as a continuous video sequence.  The ultrasound 

image sequences were acquired at a rate of 25 frames per second and at a resolution of 

768 x 576 pixels.  A typical scan was two minutes in length, contained approximately 

3000 individual image frames and was approximately 250 megabytes in size. 

 

2.3.4 CIMT analysis software 

The CIMT analysis software is written in the icon-based graphical programming 

language LabVIEW 6.1
TM

 and uses an IMAQ
TM

 vision tool kit for image handling and 

analysis routines.  The software is designed to read DICOM files but can also read 

single bitmap, TIFF or JPEG image files. 

 

2.3.4.1 ECG detection, frame selection and calibration 

The observer opens a DICOM file in the analysis software and draws a rectangular 

region of interest (ROI) around the ECG trace (Figure 2.01a). An automated R-wave 

detection algorithm scans along the ECG and records the location of frames co-incident 

with the R-wave.  If the image was not calibrated when the DICOM file was recorded, 

the observer selects a ROI around the ultrasound calibration marks. The software 

automatically detects the calibration marks and calculates a pixel-to-centimetre ratio.  

The observer then selects either a single frame or multiple consecutive frames for 

analysis.  There is no upper limit to the number of frames that can be selected for 

analysis, other than the length of the recording.  When a single frame is analysed, the 

observer draws a rectangular ROI on the screen that contains both walls of the artery. 

Multiple frames are selected by marking a start frame and an end frame. CIMT is 

measured automatically on all the frames between the marked start and end points 

within a single ROI selected by the user. 
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Figure 2.01a Frame selection interface of CIMT measurement software software, 

showing ECG region of interest, ultrasound calibration marks and multiple-frame 

selection display indicators 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.01b Calculation interface of CIMT measurement software software, showing 

selected arterial region of interest with lumen (yellow) and CIMT (red) interfaces 

marked, data window and results table 
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2.3.4.2 Edge detection algorithm 

The software uses an automated edge-detection algorithm to locate the arterial wall 

interfaces within the user-selected ROI.  The program automatically detects the centre 

of the artery and divides the ROI into an upper half that contains the near wall lumen-

intima interface and a lower half that contains the far wall interfaces. A particle erosion 

routine is used to condition the image for edge detection by eliminating noise in the 

lumen of the artery.  The threshold used to identify noise is calculated separately for the 

upper and lower ROI‟s using a statistical clustering method. The same threshold is also 

used in the edge detection algorithm. The near-wall intimal edge is initially identified by 

a Rake routine that scans from the bottom to the top of the upper half of the ROI.  The 

Rake routine uses three parameters of contrast, filter width and steepness to identify and 

confirm the location of the edge. Contrast is dynamically adjusted for each frame using 

the calculated threshold value and represents the difference in the average pixel 

intensity before and after the edge.  Filter width specifies the number of pixels averaged 

either side of the edge and steepness refers to the rate of change of pixel intensity across 

the edge.  The edge is further defined by removing any point outside a pre-set statistical 

limit. 

 

The same algorithm is used to find the far wall lumen edge, by scanning from the top to 

bottom of the lower half of the ROI.   When the lumen edge has been detected, all the 

pixels of the intima and media are set to zero (black) and the Rake routine is employed 

again to find the far wall media-adventitia interface.   The edge-detection algorithm 

identifies the near and far wall lumen edges and the far wall media-adventitia interface 

on every frame selected for analysis. This process is almost instantaneous for a single 

frame and takes approximately 10 seconds for 400 consecutive frames. 
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2.3.4.3 Calculation of CIMT and lumen diameter 

When edge detection is complete, the software displays a magnified ROI and marks the 

lumen margins and the far wall media-adventitia interface with coloured lines (Figure 

2.01B).  The software counts the number of pixels in each vertical pixel column 

between the marked lines and calculates lumen diameter and CIMT using the ratio set 

during calibration.   If a single frame is selected for analysis, the length of each pixel 

column is displayed as a data point on a graph below the image. If multiple frames are 

selected for analysis the software calculates the mean lumen diameter and the mean 

CIMT for each frame and displays these values as data points on the graphical display.  

The results from a multiple frame analysis are shown in (Figure 2.01b). The change in 

mean lumen diameter over repeated cardiac cycles is clearly seen in the graphical 

display. The mean CIMT values from the R-wave gated frames are identified with white 

dots.  A vertical line on the graphical display indicates which frame the results have 

come from and the matching image is displayed on the upper half of the screen. The 

observer can jump from one R-wave gated frame to the next or scroll through all the 

frames. Erroneous data points are edited by deleting portions of the edge-detection lines 

from the image or by deleting data points from the graphical display. 

 

When the observer is confident that the three interfaces have been accurately identified 

on the selected frames, the software calculates the mean, maximum and minimum 

CIMT and lumen diameter.  The results of the calculation are displayed in a table to the 

left of the image (Figure 2.01b).  The observer has the choice of measuring these 

parameters on a single frame, only the R-wave gated frames or on all the frames 

selected for analysis.  The final step in the analysis is the automatic transfer of these 

results into a MySQL database.   
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2.3.5 Comparison of two different software systems 

We compared our software with an alternative bitmap-based CIMT measurement 

software used in previously published studies [209, 364, 365]. The alternative software 

uses a semi-automated edge detection algorithm to measure CIMT on single bitmap 

images.  The user calibrates each image and locates the approximate position of media-

adventitia interface with mouse-clicks on the image.  The frames and regions of interest 

selected by one observer for analysis with our software were saved as bitmap files and 

reanalysed by the same observer using the alternative software.   We also compared the 

time required to measure CIMT using each program. 

 

2.3.6 Comparison of two different measurement protocols 

We tested two different measurement protocols using our new CIMT measurement 

software: a six-frame measurement protocol and a sixty-frame protocol.   

 

2.3.6.1 Six-frame measurement protocol 

The six-frame protocol was based on a standard measurement protocol frequently used 

in CIMT studies [209, 365].  One end-diastolic frame from each of the three left and 

right carotid image sequences were selected for analysis. CIMT was measured over 

approximately 10mm in a section of the artery free of any discrete atherosclerotic 

plaque on each frame.  The final CIMT for each subject was calculated as the mean of 

these six measurements.    

 

2.3.6.2 Sixty-frame measurement protocol 

The sixty-frame measurement protocol required the observer to mark the beginning and 

end frame of a consecutive series of frames from each of the six image sequences.  

CIMT was measured on a minimum of ten R-wave frames per image sequence and the 

final CIMT for each subject was thus averaged from at least sixty measurements.  The 
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regions of interest for the sixty-frame analysis were selected according to the same 

criteria as those selected in the six-frame measurement protocol.  R-wave gated frames 

were used in both measurement protocols to eliminate the effect of the cardiac cycle on 

measured CIMT. 

 

2.3.6.3 Sonographer and observer biases 

We tested sonographer and observer results for biases using both measurement 

protocols.  The CIMT measurements made by one observer (KP) on all 120 scans were 

used for the sonographer comparisons. A random sample of 41 scans was selected for 

the observer comparisons and was analysed twice by each observer with a minimum of 

one week between first and second analyses. 

 

2.3.7 Systematic review 

We also conducted a systematic review of the literature to allow comparison of our 

reproducibility results with previous studies.  We conducted Medline and Google 

searches and manually searched citation lists of relevant papers.   The keywords we 

used were carotid intima medial thickness or IMT or intima media and validation or 

reproducibility or software or edge-tracking.  We also searched for reproducibility 

statistics in the method sections of papers reporting CIMT as an outcome.   We included 

all studies that reported inter- and intra-sonographer and observer CVs and calculated 

CVs for other papers when the appropriate data was given (mean CIMT and SD of 

absolute differences). 

 

2.3.8 Statistical analysis 

A Bland-Altman plot was used to compare the new software with alternative CIMT 

measurement software.  We used a paired t-test to compare the mean CIMT 

measurement time for each program.  The co-efficients of variation (CVs) from a 
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standard six-frame measurement protocol were compared with CVs from the sixty-

frame measurement protocol using F-tests.  Ordinary least products (OLP) regression 

was used to test for sonographer and observer biases.  We chose OLP regression to test 

for bias as it allows for both the x and y values to be attended by random error and thus 

requires no judgement about whether the y variable or the x variable provides „true‟ 

values [366]. It is thus particularly useful in reproducibility studies as it provides a 

technique for calibrating one method or measurer against another when neither is a gold 

standard.  All calculations were performed using the technique described by Ludbrook 

[367]. 
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2.4 Results 

2.4.1 Comparison of two different software systems 

Figure 2.02 shows the differences between the CIMT measurements made using our 

software and the alternative software program plotted against the mean CIMT from both 

programs.  The mean difference was 0.019mm (95%CI 0.012 to 0.025mm). The upper 

limit of agreement was 0.060mm (95%CI 0.049 to 0.072mm) and the lower limit was –

0.023mm (95%CI –0.033 to -0.011mm).  On the recorded images, one pixel represents 

approximately 0.05mm.   It took 3 minutes and 22 seconds (SD 34 seconds) to measure 

CIMT on six frames using our software and 8 minutes and 24 seconds (SD 109 seconds) 

with the alternative software (t=-8.31, df=80, p<0.0001). 

 

 

Figure 2.02 Bland-Altman plot of the differences between the CIMT measured with 

our new DICOM-based software and the alternative bitmap-based software.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
Differences are calculated as our software minus the alternative software and are plotted against the mean 

CIMT (mm) from both software programs.  Dashed lines show mean ±2SD for estimated difference 

between software programs. 
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2.4.2 Comparison of two different measurement protocols 

The sixty-frame measurement protocol did not significantly improve reproducibility 

compared with the standard six-frame protocol (Figure 2.03).  An apparent 

improvement in the first observer‟s intra-observer CV was not significant (1.5% vs 

2.4%, F=0.76, df=37, p=0.20) and the sixty-frame inter-observer CV was significantly 

worse than the six-frame CV (5.1% vs 3.5%, F=0.41, df=36, p=0.004).   It took 11 

minutes and 8 seconds (SD 120 seconds) to measure CIMT on sixty frames. 

 

 

Figure 2.03 Comparison of the coefficients of variation for CIMT measured with our 

DICOM-based software using a six frame measurement protocol and a sixty-frame 

measurement protocol. 

 

 
 

 
 

 

 

 

 

 

 

2.4.3 Sonographer and observer biases 

Table 2.02 shows the results of OLP regression testing for sonographer and observer 

biases.  No inter or intra-sonographer biases were present in results from either 

measurement protocol.  Fixed and proportional biases were present in the observer 

comparisons from both protocols, but were more frequent and more pronounced in the 

sixty-frame results. 
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Table 2.02 Ordinary least products regression results for CIMT measurements 

Comparison a' 95% CI b' 95% CI 
Fixed 

Bias 

Proportional 

Bias 

Six-frame measurement protocol 

Inter-Sonographer 0.048 -0.03, 0.12 0.964 0.87, 1.07 No No 

Intra-Sonographer 1 0.013 -0.08, 0.10 1.002 0.89, 1.13 No No 

Intra-Sonographer 2 -0.025 -0.12, 0.06 1.025 0.92, 1.15 No No 

Inter-Observer -0.024 -0.06, 0.01 1.053 1.01, 1.10 No Yes 

Intra-Observer 1 0.004 -0.02, 0.03 0.992 0.96, 1.03 No No 

Intra-Observer 2 -0.031 -0.07, 0.003 1.056 1.01, 1.11 No Yes 

Sixty-frame measurement protocol 

Inter-Sonographer 0.001 -0.10, 0.09 1.027 0.91, 1.16 No No 

Intra-Sonographer 1 -0.008 -0.11, 0.08 1.017 0.90, 1.15 No No 

Intra-Sonographer 2 -0.009 -0.10, 0.07 0.995 0.89,1.11 No No 

Inter-Observer -0.106 -0.17, -0.05 1.159 1.08,1.24 Yes Yes 

Intra-Observer 1 -0.020 -0.04, -0.003 1.031 1.01,1.05 Yes Yes 

The ordinary least products regression equation is y = a‟ + b‟x.   

95% CIs are for the population parameters ‟ and ‟.    

Fixed bias is present if the 95% CI for ‟ does not contain zero.   

Proportional bias is present if 95% CI for ‟ does not contain one. 

 

 

 

 

2.4.4 Systematic review 

We identified twenty-eight published studies that reported suitable reproducibility data 

for CIMT measurement.  The CVs from these studies, along with data from the current 

project, are presented in Table 2.03 divided according to the method used to measure 

CIMT.  
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Table 2.03  Coefficients of variation from CIMT reproducibility studies  

  Coefficient of variation 

Study n 
Inter-

sonographer 

Intra-

sonographer 

Inter-

observer 

Intra-

observer 

Manual Measurement (callipers on ultrasound screen) 

Salonen [368]
*
 10 10.5 5.4 - - 

Bonithon-Kopp [369]
†
 81 - - 9.0 - 

Schillaci [370]
‡
 128 - - 7.3 5.0 

Raitakari [189] 60/113 - 6.4 5.2 - 

Kobayashi [371] 12 - 4.2 - - 

Software 1 (arterial interfaces traced manually by observer) 

Wendelhag [188]  74 10.2 - - - 

Bots [372]
†
 80 8.1 - 4.5 - 

Persson [373]  43 11.4 8.0 - - 

Touboul [360]
†
 14 12.5 8.6 - - 

Riley [374]
* †‡

 453 7.6 6.1 6.8 3.8 

Wendelhag [358, 375]  50 - 10.6 2.8 3.8 

Liang [376]  50 - 2.8 - - 

Nowak [377]  - - 9.0 - - 

Baldassarre [378] 
 
 22 - 4.1 - - 

Baldassarre [378]
§
 22 - 2.1 - - 

Becker [379]  7 - 11.0 - - 

Oren [380]
†‡

 21 5.4 - - - 

 Software 2 (automated edge-detection ) 

Selzer[362]  8 3.9 4.3 -  

Blankenhorn [381]  20 - - 3.1 3.0 

Gariepy [361]  11 - 4.3 - - 

Adams [364]  35/100 6.0 - 2.5 - 

Wendelhag [358]  50 - - 1.4 - 

Stensland-Bugge [382] 75 9.0 5.9 - 1.3 

McQuillan [209]  30 5.9 2.9 - - 

Selzer[383] 24 - 3.5   

Kennedy [384]
‡
 144 - - 6.8 6.7 

Fathi [385]  288 - - - 5.0 

Gepner [356]
||
 40 - - - 3.1 

Gepner [356]
¶
 40 - - - 7.8 

de Bree [386]  80 6.5 - - - 

Potter  30 6.8 5.7 - 2.1 

Software 3 (current study) 

Potter
**

 30 6.5 6.8 3.5 2.4 

Potter
††

 30 7.0 6.2 5.1 1.5 
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*
Maximum rather than mean common carotid artery used for reproducibility study 

†
CVs calculated from reported data (SD of absolute difference/mean CIMT*100) 

‡
CIMT calculated as average of near and far wall of common carotid artery 

§
Digital ultrasound system 

||
Experienced observer 

¶
Novice observer 

**
Six-frame protocol 

††
Sixty frame measurement protocol 
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2.5 Discussion  

This study has produced several results of interest to investigators using CIMT as a 

marker of cardiovascular risk.  Our new DICOM-based software halved CIMT 

measurement time compared with an alternative system designed to read bitmap files. 

However, increasing the number of measurements used to estimate CIMT did not 

improve reproducibility and measuring CIMT on sixty-frames appeared to increase the 

risk of bias within and between observers compared with measuring CIMT on fewer 

frames.   

 

The CIMT values from our software were approximately half a pixel larger than CIMT 

values from the alternative software (+0.02mm, 95%CI 0.01 to 0.03mm) with evidence 

of an increase in the size of the differences for larger CIMT values (Figure 2.02).  The 

same frames and regions of interest were used with both software programs, so 

differences in the edge-tracking algorithms probably caused the detected biases.  It is 

also possible that observer editing contributed to the discrepancy between programs, but 

is more likely to account for the proportional than the fixed bias.  Our results show that 

different edge-tracking algorithms will produce different CIMT values for the same 

recorded images, something that should be kept in mind if absolute CIMT values are 

ever compared between studies. 

 

The sonographer reproducibility results in this study are similar to those reported by 

previous investigators (Table 2.03).  We tested sonographer reproducibility by 

comparing CIMT measured by one observer on two separate scans of the same subject 

recorded by the same or different sonographers.  Our finding that a sixty-frame 

measurement protocol did not improve intra- or inter-sonographer reproducibility was 

not altogether unexpected, as previous reports show that changes in subject positioning, 
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transducer angle and ultrasound settings account for the greatest proportion of between-

scan variation in CIMT [368, 382, 387].  Although we used a standardised scanning 

protocol to reduce between-scan differences, increasing in the number of measurements 

on each recorded scan did not significantly reduce the variation in CIMT caused by 

sonographer differences.  Investigators who used a hard copy of each subject‟s baseline 

image to match the repeat scan to the previously recorded image found that averaging 

measurements from five frames reduced intra-sonographer variability relative to single 

frame measurements [383]. Their results suggest that, if sonographer differences could 

be sufficiently reduced by such a technique, multiple measurements might further 

improve between-scan reproducibility. 

 

By contrast with sonographer reproducibility, we had expected the sixty-frame 

measurement protocol to improve observer reproducibility.  Observer comparisons were 

made on replicate analyses of the same scan, eliminating the between-scan variation in 

CIMT due to sonographer differences.  Increasing the number of measurements used to 

calculate CIMT should have reduced random measurement error and improved both 

inter and intra-observer reproducibility.  Although we found a small reduction in the 

sixty-frame intra-observer CV, it was not statistically significant and the inter-observer 

CV was significantly worse than the corresponding six-frame CV.  

 

Bias within and between observers was probably responsible for the lack of 

improvement in reproducibility with the sixty-frame measurement protocol.   Inter and 

intra-observer drift is a recurrent problem in large trials that use CIMT as an outcome 

[388-390]. In the current study, we found that one observer‟s CIMT measurements were 

proportionally greater than the other‟s measurements on the same scans.  In addition, 

both observers‟ first measurements differed systematically from their second 
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measurements on the same scans (Table 2.02).   For these biases to have occurred, 

observers must have changed their frame selection and/or choice of ROI and/or their 

editing of the detected interfaces between analyses.  Instead of reducing random 

measurement error as intended, the sixty-frame measurement protocol magnified these 

differences, causing more pronounced bias and worse inter-observer reproducibility.  

Although we used a protocol to reduce systematic differences between sonographers, 

we had assumed that automated edge-detection would prevent observer biases and thus 

spent insufficient time prior to the study ensuring that our observers were producing 

consistent results. 

 

To give the OLP regression results some context, the bias within and between observers 

resulted in a difference of approximately one pixel (or 0.05mm) in measured CIMT.  

Although this difference may seem trivial, it should be noted that CIMT progresses very 

slowly in most people, at the rate of 0.001mm to 0.03mm per year [391, 392].  

Reductions in mean CIMT of a magnitude smaller than the between-observer biases 

detected in this study are frequently reported as significant in intervention trials [349].  

Our results have obvious implications for the design of clinical trials, reinforcing the 

importance of concurrent controls and careful monitoring of observer drift in CIMT 

measurements, particularly if scans are read at multiple centres or at several time points 

during the trial.   The recent development of portable digital ultrasound machines and 

user-friendly measurement software means that CIMT is often promoted as a method 

for assessing cardiovascular risk or the effect of therapeutic interventions in individual 

patients [355, 393].  Clinicians who intend to monitor CIMT in individual patients 

should be aware that between-scan differences due to measurement error may be of 

greater magnitude than any biological variation.  
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2.5.1 Limitations 

The strengths of this study were that we validated our software in subjects with a wide 

range of CIMT values and tested it against an alternative software program.  We used 

blinded observers and the study was designed so we could measure sonographer and 

observer reproducibility separately.  We also conducted a systematic review of 

previously published CIMT reproducibility data.  A limitation of this study was that one 

observer did not perform replicate measures with the multiple-frame protocol, reducing 

our ability to detect improvements in intra-observer reproducibility.  

 

 

2.6 Conclusions 

While the use of DICOM-based software significantly reduced analysis time, a ten-fold 

increase in the number of measurements used to calculate CIMT did not improve 

reproducibility.  In addition, we found that observer biases caused differences in mean 

CIMT of a magnitude commonly reported as significant in intervention trials.   Our 

results highlight the importance of good study design with concurrent controls and the 

need to ensure that no observer drift occurs between baseline and follow-up 

measurements when CIMT is used to monitor the effect of an intervention. 
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Ultrasound settings significantly alter arterial 

lumen and wall thickness measurements 
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3.1 Abstract  

3.1.1 Background 

Flow-mediated dilation (FMD) and carotid intima-medial thickness (CIMT), measured 

by ultrasound, are widely used to test the efficacy of cardioprotective interventions.  

Although assessment methods vary, automated edge-detecting image analysis software 

is routinely used to measure changes in FMD and CIMT.  We aimed to quantify the 

effect that commonly adjusted ultrasound settings have on arterial lumen and wall 

thickness measurements made with CIMT measurement software. 

 

3.1.2 Methods 

We constructed phantom arteries from a tissue-mimicking agar compound and scanned 

them in a water bath with a 10 MHz multi-frequency linear-array probe attached to a 

high-resolution ultrasound machine.  B-mode images of the phantoms were recorded 

with dynamic range (DR) and gain set at five decibel (dB) increments from 40dB to 

60dB and –10dB to +10dB respectively.  Lumen diameter and wall-thickness were 

measured off-line using CIMT measurement software. 

 

3.1.3 Results 

Lumen measurements: there was a strong linear relationship between DR and gain and 

measured lumen diameter. For a given gain level, a 5dB increase in DR reduced the 

measured lumen diameter by 0.02 ± 0.004mm (p<0.001).    For a given DR level, a 5dB 

increase in gain reduced measured lumen diameter by 0.04 ± 0.004mm (p<0.001).   A 

5mm increase in distance between the ultrasound probe and the artery reduced measured 

lumen diameter by 0.04 ± 0.03mm (p<0.001). 

CIMT measurements: For a fixed gain level, a 5dB increase in DR increased measured 

wall thickness by 0.003 ± 0.002mm (p<0.001).    The effects of increasing gain were not 
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consistent and appeared to vary depending on the distance between the artery and the 

ultrasound probe and the thickness of the artery wall. 

 

3.1.4 Conclusions 

DR, gain and probe distance significantly alter lumen diameter and CIMT 

measurements made using image analysis software.  When CIMT and FMD are used to 

test the efficacy of cardioprotective interventions, the DR, gain and probe position used 

to record baseline scans should be documented and replicated in post-treatment scans in 

individual trial subjects.  If more than one sonographer or imaging centre is used to 

collect data, the study protocol should document specific DR and gain settings to be 

used in all subjects. 
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3.2 Introduction 

Carotid intima-medial thickness (CIMT) and flow-mediated dilation (FMD) are widely 

accepted as indicators of early atherosclerotic change [350, 394].  CIMT and FMD are 

both measured using transcutaneous ultrasound: CIMT as the distance between the 

lumen-intima and media-adventitia interfaces on a B-mode image of the carotid artery 

and FMD as the increase in brachial artery diameter in response to an ischemic stimulus 

[131, 186].  Both measurements correlate well with clinical endpoints and are assessed 

using a safe and non-invasive imaging modality [191, 195, 395].  Consequently CIMT 

and FMD are frequently used as surrogates for vascular events in intervention studies, 

and investigators often report small but statistically significant changes in FMD or 

CIMT as evidence that an intervention alters cardiovascular risk [197, 200, 396-398].  

However FMD and CIMT are subject to multiple sources of measurement error that, 

unless controlled or accounted for, may make such results unreliable [2].  

 

Arterial wall thickness and lumen diameter are commonly measured with edge-

detecting image analysis software.  Image analysis software typically requires the 

arterial wall echoes to be bright and the lumen to be dark and free of noise in order for 

the edge-detection algorithm to identify the echo lines correctly.  When the ultrasound 

scans are recorded, sonographers adjust the ultrasound settings of gain (regulates the 

brightness of the image by amplifying echoes) and/or dynamic range (DR, controls the 

contrast of the image and also known as log-compression) to optimise the images for 

later off-line analysis [399].  Lumen diameter is known to be underestimated when 

measured with intravascular ultrasound, and increasing gain and DR magnifies the error 

[400].   Transcutanous ultrasound is used to assess FMD and CIMT and the effect of 

adjusting ultrasound parameters on these measurements has not been quantified.   
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3.2.1 Study aim 

We aimed to determine whether adjusting DR and gain alters the calculation of arterial 

lumen diameter and wall thickness, assessed with CIMT measurement software on B-

mode ultrasound images. 

 

3.3 Methods 

We tested the effect of altering DR and gain with artificial tissue-mimicking “phantom” 

arteries rather than human subjects.  Using phantoms allowed us to construct vessels 

with known dimensions, eliminate movement, remove biological sources of variation 

and control several other variables such as probe position, temperature and region of 

interest selection.  

 

3.3.1 Phantom artery construction 

We constructed phantom arteries using materials and methods similar to those described 

by Brunette [401].   We machined two aluminium molds to a precision of 0.1mm.  

Each mold had a male part, two female parts and a base designed to centre the male part 

in the female (Figure 3.01).   The male parts were designed to have external diameters 

of 5mm and 6mm and the female parts to have internal diameters of 6mm and 8mm.   

We used different combinations of male and female parts to make arteries with wall-

thicknesses of approximately 0.5mm, 1mm or 1.5mm and lumen diameters of 5mm and 

6mm. 

 

The phantom arteries were constructed from 5ml of glycerol (Sigma-Aldrich, St Louis, 

MO, USA, C789-3), 8g of high strength agar gel (Sigma Chemical, St Louis, MO, A-

6924) and 150ml of water.  These constituents were mixed well, heated in a water bath 

at 100C for 60 minutes and then poured into a pre-heated female mold.  The male part 
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was forced into the female and held position with screws.  The mold was allowed to 

cool and we removed the base and separated the male and female parts to extract the 

phantom.  Phantom arteries made from this compound have acoustic properties that are 

virtually identical to tissue [401-403]. 

 

 

 

Figure 3.01 Aluminum mold used to construct phantom arteries showing the male 

and female parts and an agar phantom artery constructed using the mold 
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3.3.2 Recording the B-mode ultrasound images 

The phantom arteries were scanned in an insulated container of water at approximately 

37C.  The phantom and the ultrasound probe were held in place with stereotactic 

clamps (Figure 3.02). The exam and image presets (persistence, edge-tracking and pre- 

and post-processing) used for human vascular imaging were used for the phantom 

scans.  Early results showed that the distance between the probe and the phantom 

influenced lumen measurements, so we recorded scans with the probe set at 10mm, 

15mm, 20mm and 25mm from the phantom.  At each distance setting, the transmit zone 

(focal zone) was set as close as possible to the far wall of the artery.   Depth gain 

compensation (DGC, also known as time gain compensation) was adjusted with the 

image at DR 50dB and gain 0dB to ensure that the near and far walls of the artery were 

of similar brightness and that the lumen was dark.  The DGC was not altered again 

during the scan.  For each distance setting, we adjusted the DR in 5dB increments from 

40 to 60dB.  For each DR setting, we adjusted the overall gain in 5dB increments from 

–10 to +10dB and recorded each image for approximately 2 seconds.   Early results 

suggested that the phantoms were not completely symmetrical, so we repeated these sets 

of scans four times for each phantom, rotating the phantom a quarter-turn for each set of 

recordings.  Final values were averaged from the results from each of these four 

positions.   The B-ultrasound images were recorded using a 10 MHz multi-frequency 

linear array probe attached to a high-resolution ultrasound machine (Acuson Aspen, 

Mountain View, CA).  The analogue video output from the ultrasound machine was 

converted into a digital DICOM 3.0 file by proprietary DICOM Encoder software. The 

DICOM files were recorded onto the hard-drive of a standard personal computer 

running Windows 2000.  Figure 3.03 shows typical B-mode images of the 3 different 

phantom arteries compared with images of human arteries with similar dimensions. 
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Figure 3.02 Scanning set-up for recording phantom images showing phantom and 

probe held in fixed position with stereotactic clamps in a water bath at approximately 

37C. 

 

 

 

3.3.3 Lumen and wall-thickness measurements 

We measured arterial lumen diameter and wall-thickness using our own CIMT 

measurement software, described in detail in Chapter Two [2].  Briefly, the user opens a 

selected DICOM file in the software, chooses a single frame or multiple image frames 

for analysis and draws a rectangular region of interest (ROI) over the image that 

includes both walls of the artery.  The software then uses an edge-detection algorithm to 

find the near and far wall lumen edges and the far-wall media-adventitia interface 

within the chosen ROI on all the frames selected by the user.  The software marks the 

interfaces and calculates lumen diameter and the intima-medial thickness (Figure 3.04). 
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Figure 3.03 B-mode ultrasound images of phantom and human arteries of similar 

dimensions 

 
A. Phantom A with wall thickness of 0.54  0.01mm and lumen of 4.98  0.01mm  

B. Phantom B with wall thickness of 1.06  0.01mm and lumen of 5.98  0.01mm  

C. Phantom C with wall thickness of 1.56  0.01mm and lumen of 4.98  0.01mm  

D. Human artery with CIMT of 0.619  0.051mm and lumen of 5.158  0.034mm 

E. Human artery with CIMT of 0.822  0.132mm and lumen of 6.423  0.072mm 

F. Human artery with CIMT of 1.490  0.196mm and lumen of 5.425  0.090mm 
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Figure 3.04 Calculation interface of the CIMT measurement software used to 

measure lumen diameter and wall-thickness 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Screen capture of the CIMT measurement software showing the detected lumen margins (yellow) and the 

wall thickness (red) on a magnified region of interest from an image of Phantom C (Panel A) and a 

human artery with a similar lumen diameter and CIMT (Panel B).  The mean, maximum, minimum and 

standard deviations of wall thickness and lumen diameter measurements are shown in the Study Results 

table. The individual measurements on each of the frames selected for analysis are shown in the data table 

below the image (CIMT in red and lumen in yellow).  The effect of the cardiac cycle on lumen diameter 

is clearly seen in the data table for the human artery measurements (Panel B) 
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3.3.4 Statistical analysis 

We used simple linear regression to test the univariate effects of probe distance, DR and 

gain on the lumen and wall-thickness measurements and a generalised linear model 

(GLM) to test for interactions between probe distance, DR, gain and arterial wall 

thickness.   We used Minitab (Version 14.2, Minitab Inc, USA) for the statistical 

analyses. 

 

3.4 Results  

The actual diameters of the molds, measured with a micrometer accurate to 0.01mm, 

were 4.98mm and 5.98mm for the male parts and 6.06mm and 8.09mm for the female 

parts.   The actual wall thicknesses and lumen diameters of the phantoms were therefore 

A: 0.54  0.01mm and 4.98  0.01mm, B:1.06  0.01mm and 5.98mm, C: 1.56  

0.01mm and 4.98  0.01mm respectively.   We found that the moisture content of the 

phantom affected the wall thickness and lumen diameter so we were unable to test the 

absolute accuracy of our measurement software (Appendix A).  The dimensions of 

phantom changed with immersion time, but the changes occurred slowly (an increase of 

approximately 0.02  0.002mm per hour in lumen diameter and 0.003  0.003mm per 

hour in wall thickness).   The model remained valid for testing the effects of DR, gain 

and probe distance on measured lumen diameter and wall thickness, as these settings 

were adjusted over much shorter time intervals. 

 

3.4.1 Lumen measurements 

Figure 3.05 shows the lumen measurements from a single phantom of each type, A, B 

and C.  Table 3.01 shows the mean lumen measurements for the same phantoms at each 

DR, gain and distance setting.  Measured lumen diameter was smaller than the actual 

lumen diameter and decreased in a linear manner as DR, gain and probe distance 
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increased.   For each 5dB increase in DR there was a mean reduction in measured lumen 

diameter of 0.02  0.004mm (p<0.001).  For each 5dB increase in gain there was a 

mean reduction in measured lumen diameter of 0.04  0.004mm (p<0.001).   For each 

5mm increase in probe distance there was a mean reduction in measured lumen 

diameter of 0.04  0.03mm (p<0.001).   The effect of increasing gain appeared to be 

greater at lower dynamic range settings and GLM analysis confirmed that the 

interaction between these variables was significant (p<0.001). 

 

3.4.2 Wall thickness measurements 

Figure 3.06 shows the wall thickness measurements for the same phantoms in which 

lumen diameter was assessed. Table 3.02 shows the average wall thickness 

measurement for each DR, gain and distance setting. In contrast to the lumen 

measurements there was no immediately obvious pattern in the effects of DR, gain or 

probe distance on wall thickness measurements.  Regression analysis showed that DR 

had a consistent effect on measured wall thickness, with a mean increase of 0.003  

0.002mm for each 5dB increase in DR (p<0.001).   The effects of increasing gain and 

probe distance on measured wall thickness were not consistent and appeared to vary 

depending on the actual wall thickness of the artery. 

 

.
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Figure 3.05 Effect of dynamic range, gain and probe distance on lumen diameter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lumen diameter plotted against the dynamic range and gain settings used to record the images of 

phantom arteries of type A, B and C.  Each data point represents the mean of 200 measurements.  Error 

bars show standard deviation and if not visible are contained within the icon.   The different symbols 

represent the distance between the ultrasound probe and the leading edge of the far war of the phantom 

artery 
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Table 3.01 Effect of dynamic range, gain and probe distance on measured lumen 

diameter 

 

 

Data are mean  standard deviation  

p-values are for trend from a univariate linear regression model 

n = 80 per level for dynamic range (5 gain levels x 4 distance levels x 4 angles) 

n = 80 per level for gain (5 dynamic range levels x 4 distance levels x 4 angles) 

n = 100 per level for probe distance (5 gain levels x 5 dynamic range levels x 4 angles) 

Phantom A has an estimated lumen diameter of 4.98  0.01mm  

Phantom B has an estimated lumen diameter of 5.98  0.01mm 

Phantom C has an estimated lumen diameter of 4.98  0.01mm 

 Phantom A  Phantom B  Phantom C  

 

Lumen diameter 

(mm) 
p 

Lumen diameter 

(mm) 
p 

Lumen diameter 

(mm) 
p 

Dynamic range(dB)      

40 4.77  0.09 

<0.001 

5.71  0.09 

<0.001 

4.75  0.10 

<0.001 

45 4.75  0.09 5.69  0.09 4.73  0.10 

50 4.73  0.08 5.68  0.08 4.71  0.09 

55 4.71  0.08 5.66  0.07 4.68  0.09 

60 4.70  0.07 5.64  0.06 4.67  0.08 

Gain(dB)      

-10 4.79  0.07 

<0.001 

5.75  0.06 

<0.001 

4.77  0.07 

<0.001 

-5 4.77  0.07 5.71  0.06 4.75  0.08 

0 4.74  0.08 5.68  0.06 4.71  0.08 

+5 4.70  0.08 5.64  0.06 4.67  0.09 

+10 4.67  0.08 5.60  0.06 4.64  0.09 

Distance from probe (mm)      

10 4.80  0.07 

<0.001 

5.74  0.06 

<0.001 

4.75  0.08 

<0.001 
15 4.75  0.08 5.71  0.07 4.75  0.07 

20 4.70  0.09 5.64  0.07 4.67  0.10 

25 4.68  0.08 5.62  0.06 4.67  0.10 
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Figure 3.06 Effect of dynamic range, gain and probe distance on wall-thickness 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lumen diameter plotted against the dynamic range and gain settings used to record the images.  Each data 

point represents the mean of 200 measurements.  Error bars show standard deviation and if not visible are 

contained within the icon.   The different symbols represent the distance between the ultrasound probe 

and the leading edge of the far war of the phantom artery. 

Phantom A with lumen diameter of approximately 4.98  0.01mm 

Phantom B with lumen diameter of approximately 5.98  0.01mm  

Phantom C with lumen diameter of approximately 4.98  0.01mm
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Table 3.02 Effect of dynamic range, gain and probe distance on measured wall 

thickness 

Data are mean  standard deviation  

p-values are for trend from a univariate linear regression model 

n = 80 per level for dynamic range (5 gain levels x 4 distance levels x 4 angles) 

n = 80 per level for gain (5 dynamic range levels x 4 distance levels x 4 angles) 

n = 100 per level for probe distance (5 gain levels x 5 dynamic range levels x 4 angles) 

Phantom A has an estimated wall thickness of 0.54  0.01mm. 

Phantom B has an estimated wall thickness of 1.06  0.01mm 

Phantom C has an estimated wall thickness of  1.56  0.01mm 

 Phantom A  Phantom B  Phantom C  

 

Wall thickness 

(mm) 
p 

Wall thickness 

(mm) 
p 

Wall thickness 

(mm) 
p 

Dynamic range(dB)      

40 0.543  0.042 

0.002 

1.058  0.014 

<0.001 

1.483  0.019 

<0.001 

45 0.549  0.041 1.061  0.012 1.486  0.019 

50 0.554  0.041 1.063  0.012 1.489  0.020 

55 0.559  0.041 1.064  0.012 1.492  0.020 

60 0.560  0.042 1.065  0.013 1.493  0.020 

Gain(dB)      

-10 0.548  0.044 

0.38 

1.064  0.014 

0.03 

1.496  0.021 

<0.001 

-5 0.554  0.043 1.064  0.012 1.490  0.020 

0 0.554  0.041 1.063  0.012 1.487  0.019 

+5 0.555  0.040 1.060  0.012 1.485  0.018 

+10 0.554  0.041 1.061  0.012 1.485  0.018 

Distance from probe (mm)      

10 0.541  0.040 

<0.001 

1.064  0.010 

0.98 

1.490  0.018 

0.29 
15 0.545   0.041 1.054  0.010 1.489  0.015 

20 0.559   0.038 1.074  0.008 1.489  0.021 

25 0.569   0.042 1.057  0.012 1.486  0.022 
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3.5 Discussion  

Our results show that the ultrasound settings of DR and gain significantly alter lumen 

diameter and arterial wall thickness measurements made with image analysis software.  

Lumen diameter measurements are more sensitive to changes in DR, gain and probe 

distance than wall thickness measurements.  

 

The leading edge of an ultrasound echo line (the edge nearest the ultrasound probe) 

represents the precise location of the boundary between two tissues with different 

acoustic properties.  The trailing edge of an echo line (the edge furthest from the 

ultrasound probe) does not represent any anatomical structure and is, in effect, an 

acoustic “shadow” cast by the tissue interface.  The width of the echo line is determined 

by the acoustic properties of the tissues and the ultrasound settings used to record the 

image.  The true dimensions of a structure can be estimated accurately only by 

measuring the distance between the leading edges of two echo lines [404].  

 

Ultrasound images of phantom arteries with walls of a single layer show the same 

characteristic double echo line as B-mode images of real arteries.  The leading edge of 

the first echo in the phantom image is generated as the ultrasound beam enters the agar 

from the water and the second echo as the beam exits the agar back into the water 

(Figure 3.07).  The distance from the leading edge of the first echo line to the leading 

edge of the second echo line thus represents the thickness of the phantom artery wall 

and, if measured on the far wall, simulates CIMT measurement in a real artery. 

 

Despite problems with the agar compound absorbing water, the measured wall thickness 

for phantoms A and B closely approximated the expected wall thickness.  However, the 

measured wall thickness of phantom C was significantly less than the expected value.   
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The most likely explanation for the discrepancy is that the male part of the mold was not 

accurately centred in the female part when this phantom was made.  We found that 

phantoms constructed with this particular combination of male and female parts tended 

to have walls of unequal thickness (Appendix B).  Although we tried to compensate for 

the asymmetry by rotating the artery a quarter turn between scans, it seems likely that 

this particular phantom was scanned more frequently with a thinner far wall than a thick 

far wall.  It is also possible that the artery had shrunk due to dehydration, although this 

seems less likely as all the phantoms were constructed the evening before they were 

scanned and were extracted straight from the mold into the water bath. 

 

 

Figure 3.07 The effect of dynamic range and gain on B-mode images of a phantom 

artery of type C 

 

This figure shows a series of B-mode images taken from a single scan of Phantom C at a distance of 

20mm from the probe.  The same region of interest was analysed to show the effect of varying dynamic 

range and gain settings on the appearance of the B-mode image and also on the detected interfaces.  The 

diagram of a cross-section of a phantom artery shows how the leading edges of the near and far wall echo 

lines represent the interface between the agar compound and the water surrounding the artery.  

1. Leading edge of near wall water-agar interface 

2. Leading edge of near wall agar-water interface 

3. Leading edge of far wall water-agar interface 

4. Leading edge of far wall agar-water interface 
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By contrast with the general accuracy of the wall thickness measurements, lumen 

measurements significantly underestimated the actual diameter, a phenomenon that has 

been reported previously with intravascular ultrasound measurements [400].  The main 

reason for the inaccuracy in our study is that our image analysis software, like the 

majority of available systems, measures lumen diameter from the trailing edge of the 

near wall intima-lumen echo and not the leading edge (Figures 3.04 and 3.07).  Ideally, 

lumen diameter should be measured from the leading edge of the near wall lumen-

intima interface, but this is more technically difficult than measuring from the trailing 

edge and is rarely done in practice [404].  First, the brachial and carotid arteries are 

mobile and superficial vessels, which can make it difficult to obtain and keep a clear 

image of the narrow near-wall intima-lumen echo-line.  Second, it is simpler to program 

an edge-detecting algorithm that tracks upwards from a dark lumen to find the first 

bright near-wall echo line than to program an algorithm that reliably detects the top 

edge of a narrow echo line that frequently fades in and out of focus from frame to 

frame.   The former type of algorithm will generally find and track an arterial margin, 

even if it is the trailing edge of the near-wall adventitia-media echo. 

 

Figure 3.07 shows how adjusting the gain and DR settings altered the detected echo 

interfaces.  An increase in gain of 5dB reduced measured lumen diameter by 

approximately 0.04mm and in DR by approximately 0.02mm.  The brachial artery has 

an average internal diameter of less than 4mm in most humans, so a change of 0.04mm 

represents difference in measured lumen diameter that is greater than or equal to 1%.  

Between-group differences of this magnitude in the maximum post-ischemia brachial 

artery diameter are frequently reported in the literature as being statistically and 

clinically significant [264, 268, 307]. 
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We found that the distance between the probe and the artery also affected lumen 

measurements.  For a given DR and gain setting, a 5mm change in probe distance 

causing a 0.04mm difference in measured lumen.  It is possible that this effect was an 

artefact of the phantom model and, as such, may not translate to ultrasound scans 

recorded in vivo.  However, our results should be kept in mind when interpreting the 

reported effects of obesity, weight loss or weight training on arterial diameters. 

 

Although the leading rather than trailing edges of the far wall echo lines were used to 

assess wall thickness, DR and gain also appeared to affect these measurements, 

although to a lesser degree than lumen diameter.   Each 5dB increment in DR increased 

measured wall thickness by 0.003mm.  This error might appear trivial, but CIMT 

progresses very slowly in most people, at the rate of 0.001mm to 0.03mm per year, and 

reductions in mean CIMT of a similar magnitude have been reported as significant after 

cholesterol-lowering treatment [349, 391, 392].  Increasing gain also appeared to reduce 

measured wall thickness, particularly in the thick-walled phantoms, but there was no 

clear or consistent pattern.   Similarly there was no consistent effect of probe distance 

on measured wall thickness.  The apparent differences due to distance in Figure 3.06 

were probably caused by slight alterations in the angle of insonation when the probe 

was moved relative to the phantom.  We tried to maintain the same probe position for 

all scans but without clear landmarks in the phantom images it was impossible to ensure 

that this was actually the case.  A slight random change in the angle of insonation would 

have affected measured wall thickness to a greater degree than lumen diameter as a 

result of the asymmetry discussed above, and would thus account for the apparently 

inconsistent effects of changing the probe distance. 
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Consensus guidelines for the ultrasound assessment of FMD published in 2002 make 

recommendations regarding subject preparation, equipment, image acquisition and 

analysis [405].  These guidelines suggest that sonographers should document “scan-

factors”, but fail to clarify what these factors should be.  Our data indicate that 

sonographers should document the DR and overall gain settings used to record the scans 

and ensure that the same settings are used for baseline and post-intervention 

measurements.  Our results also underline the importance of not altering the DR and 

gain settings while the ultrasound images are recorded, particularly between the baseline 

and post-ischemic stimulus image sequences. 

 

Recently published consensus guidelines for the measurement of CIMT recommend that 

“log gain compensation (dynamic range) should be around 60dB” [399].   The authors 

state that the lumen of the carotid should also be measured as CIMT is significantly 

correlated with arterial diameter.  Our results support their recommendation of a 

relatively high DR setting when assessing lumen diameter and CIMT.   CIMT 

measurements are less sensitive to changes in overall gain at a high DR.  However, 

investigators should be aware that lumen diameter is underestimated by a greater 

amount when DR is high than when it is low.  

 

3.5.1 Limitations 

One of the limitations of our study is that we did not assess the effect of altering the 

depth gain compensation (DGC) on lumen and CIMT measurements.  DGC 

compensates for the attenuation of the acoustic signal due to absorption, scatter, and 

reflection.   When lumen and CIMT are measured with image analysis software, DGC is 

commonly used to selectively brighten the arterial walls and to darken the centre of the 

lumen.  Although we adjusted the DGC in this manner on each test image of the 
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phantom, with the DR set at 50dB and an overall gain of 0dB, we did not adjust the 

DGC again to compensate for the subsequent changes in overall gain or DR.   It is quite 

possible that adjusting the DGC would have attenuated the effect that these settings had 

on measured lumen diameter and wall thickness. 

 

Another potential limitation of the study is that we used phantom arteries rather than 

real arteries to test the effect of altering ultrasound settings.  However, an agar phantom 

in water at 37C has very similar acoustic properties to human tissue, so there is no 

reason to assume that our results would not be similar in vivo.  Using phantoms also 

provided us with arteries of known wall thickness and lumen diameter and gave us the 

advantage of controlling some variables that couldn‟t be controlled in human subjects.  

We have collected some preliminary data demonstrating that lumen and CIMT 

measurements in human subjects are affected in exactly the way predicted by the 

phantom results (unpublished data), but other investigators may wish to confirm our 

results in a larger sample. 

 

 

3.6 Conclusions  

DR, gain and probe distance significantly alter lumen diameter and CIMT 

measurements made using image analysis software.  When CIMT and FMD are used to 

test the efficacy of cardioprotective interventions, the DR, gain and probe position used 

to record baseline scans should be documented and replicated in post-treatment scans in 

individual trial subjects.  If more than one sonographer or imaging centre is used to 

collect data, the study protocol should document specific DR and gain settings to be 

used in all subjects. 
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4.1 Abstract 

4.1.1 Background 

Experimental and epidemiological evidence suggests that homocysteine (tHcy) may be 

a causal risk factor for atherosclerosis.  B-vitamin supplements reduce tHcy and 

improve endothelial function in short term trials, but the long-term effects of the 

treatment on vascular structure and function are unknown. 

 

4.1.2 Methods 

We conducted a sub-study of VITATOPS, a randomised, double-blind, placebo-

controlled intervention trial designed to test the efficacy of long term B-vitamin 

supplementation (folic acid 2mg, vitamin B6 25mg and vitamin B12 0.5mg) in the 

prevention of vascular events in patients with a history of stroke.  We measured carotid 

intima-medial thickness (CIMT) and flow-mediated dilation (FMD) at least two years 

after randomisation in 162 VITATOPS participants.  We also conducted a systematic 

review and meta-analysis of studies designed to test the effect of B-vitamin treatment on 

CIMT and FMD. 

 

4.1.3 Results 

After a mean treatment period of 3.9 ± 0.9 years, the vitamin-treated group had a 

significantly lower mean plasma homocysteine concentration than the placebo-treated 

group (7.9mmol/L, 95% CI 7.5 to 8.4 versus 11.8mmol/L, 95% CI 10.9 to 12.8, 

p<0.001).  Post-treatment CIMT (0.84 ± 0.17mm vitamins versus 0.83 ± 0.18mm 

placebo, p=0.74) and FMD (median of 4.0%, IQR 0.9 to 7.2 vitamins versus 3.0%, IQR 

0.6 to 6.6 placebo, p=0.48) did not differ significantly between groups.  A meta-analysis 

of published randomised data, including those from the current study, suggested that B-

vitamin supplements should reduce CIMT (-0.10mm, 95% CI -0.20 to -0.01mm) and 

increase FMD (1.4%, 95% CI 0.7 to 2.1%).  However, the improvement in endothelial 
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function associated with homocysteine-lowering treatment was significant in short-term 

studies but not in longer trials.  

 

4.1.4 Conclusions 

Although short-term treatment with B-vitamins is associated with increased FMD, long-

term homocysteine-lowering did not significantly improve FMD or CIMT in people 

with a history of stroke. 
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4.2 Introduction 

An elevated plasma homocysteine concentration (tHcy) is associated an increased risk 

of myocardial infarction and stroke [66, 74, 114, 115].  It remains unclear, however, 

whether tHcy is a modifiable causal risk factor for vascular disease or simply a marker 

of risk burden.  If homocysteine causes vascular damage, lowering tHcy ought to slow 

the progression of atherosclerosis and prevent atherothrombotic events.   Studies that 

have reduced plasma homocysteine concentrations with B-vitamin supplements have 

produced conflicting results.  Several short-term intervention studies show that lowering 

tHcy improves the surrogate vascular outcomes of carotid intima-media thickness 

(CIMT) and flow-mediated dilation (FMD)[240, 242, 289, 309, 310, 406].  By contrast, 

B-vitamin treatment has not reduced vascular mortality or morbidity, with the possible 

exception of ischemic stroke, in the large randomised clinical trials published to date 

[324, 325]. 

 

4.2.1 Study aims 

The aim of this study was to determine whether long-term homocysteine-lowering 

treatment with folic acid, vitamin B6 and vitamin B12 would reduce CIMT and increase 

FMD in subjects with a history of stroke.  We also carried out a systematic review and 

meta-analysis to obtain an estimate of the effect of B-vitamin treatment on these 

vascular measurements based on the totality of published randomised evidence. 
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4.3 Methods  

The study was conducted in accordance with the Declaration of Helsinki. The Royal 

Perth Hospital Ethics Committee approved the study protocol and each subject gave 

written informed consent prior to taking part.  

 

4.3.1 Participants 

Study subjects were recruited from participants in the Vitamins TO Prevent Stroke 

(VITATOPS) trial.  VITATOPS is a large, international, randomised, double-blind, 

placebo-controlled clinical trial designed primarily to examine the efficacy and safety of 

B-group vitamins in the prevention of stroke, myocardial infarction or death from any 

vascular cause among patients with previous stroke or transient ischemic attack (TIA).  

The inclusion and exclusion criteria for the VITATOPS trial have been reported 

previously [320].   VITATOPS has enrolled a total of 976 people in Australia and 

almost 8000 people worldwide.  The trial is expected to report its findings in 2010. 

 

4.3.2 Design 

The current study was a cross-sectional single-centre sub-study of the VITATOPS trial.  

All VITATOPS participants enrolled in Perth, Australia between 1998 and 2003 were 

eligible for inclusion (n=532).  Subjects who had died, withdrawn from VITATOPS, 

were severely handicapped or had moved away from Perth were excluded (n=189).  

Recruitment letters were sent to all subjects suitable for inclusion (n=343). Subjects 

who responded positively to the letter were contacted by telephone and enrolled in this 

study (n=173).  The ethics approval for the project stipulated that we should not contact 

subjects who did not respond to the invitation letter, so non-responders were not 

followed up. 
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4.3.3 Intervention 

Participants in the VITATOPS trial were randomly assigned at baseline to a single daily 

tablet containing folic acid 2mg, vitamin B6 25mg, and vitamin B12 500g or a 

matching placebo.  A central 24-hour telephone service and an interactive website used 

random permuted blocks stratified by hospital to allocate a treatment pack number.  

 

4.3.4 Objectives 

We aimed to determine whether long-term (greater than two years) homocysteine-

lowering treatment with B-vitamin supplements would reduce CIMT and increase FMD 

compared with placebo in subjects with a history of stroke or TIA. 

 

4.3.5 Outcomes 

CIMT and FMD were the outcome measures chosen for this sub-study.  The vascular 

outcomes were not measured at baseline and were assessed at a single time point at least 

two years after randomisation.  All participants attended a morning appointment after an 

overnight fast.  They were asked to withhold their morning medications, including the 

VITATOPS tablet, and to refrain from smoking and drinking alcohol or caffeine-

containing beverages for at least six hours prior to the study appointment.  Age, gender, 

details of the primary event, medications, cardiovascular risk factors and smoking 

history were recorded and blood pressure, height, weight, waist and hip girth and FMD 

and CIMT were measured.  A fasting blood sample was collected to assess tHcy, red 

blood cell folate, serum B6 and B12, total cholesterol, high- and low-density lipoprotein 

(HDL and LDL) cholesterol, triglycerides, creatinine and glucose. 

 

CIMT and FMD were measured using techniques described previously [2, 306]. Briefly, 

the subject lay supine on a flat examination couch in a quiet laboratory and B-mode 

ultrasound images were recorded using a 10 MHz multi-frequency linear array probe 
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attached to a high-resolution ultrasound (Acuson Aspen, Mountain View, California).  

Digital images of the right and left common carotid arteries immediately proximal to the 

bifurcation were obtained from posterior, lateral and anterior angles.  Mean CIMT was 

measured off-line using the edge-tracking software described in Chapter Two[2].  The 

final CIMT values for each subject were calculated as the mean of six measurements.    

A previous study by our group indicates that the intra-observer coefficient of variation 

for CIMT measured using this method is 2.4% [2]. 

 

FMD was measured in the left arm except in subjects with a left hemiplegia (n=18).  B-

mode images of the brachial artery were obtained and recorded continuously for one 

minute to assess baseline arterial diameter.  A rapid inflation/deflation pneumatic cuff 

placed around the forearm was inflated to 250mmHg for five minutes.  Post cuff-

deflation images were recorded continuously for two minutes to capture peak arterial 

dilation.  When fifteen minutes had elapsed, a second scan was recorded to re-establish 

baseline diameter.  400g of sub-lingual glyeryl trinitrite (GTN) was administered to 

the subject and images were recorded for eight minutes.  FMD and GTN-mediated 

dilation were measured off-line using edge-detection software. A single observer 

blinded to treatment status performed all measurements.   The mean intra-observer CV‟s 

for FMD and GTN-mediated dilation measured by this technique are 6.7% and 3.9% 

respectively [306].  

 

4.3.6 Sample size 

We aimed to recruit sufficient subjects from the Perth VITATOPS cohort to provide 

80% power (=0.05) to detect differences of 0.1mm in mean CIMT and 2% in FMD 

between the vitamin and placebo groups.  Post-hoc calculations for a one-sided test 
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showed that the study had 80% power (=0.05) to detect a reduction in mean CIMT of 

0.07mm and an absolute increase in FMD of 1.6%. 

 

4.3.7 Statistical analysis 

As the FMD data had a non-normal distribution and multiple zero values, we used a 

two-sample rank sum test (Mann-Whitney) to compare the median FMD in the 

treatment and placebo groups.  Two-sample t-tests were used to compare all normally 

distributed variables and results are reported as mean ± standard deviation.  Variables 

with log-normal distributions were log-transformed and results for these variables are 

reported as geometric mean (95% confidence interval).  Proportions were compared 

using a normal approximation to the binomial.  Effect size was calculated as the 

standardised difference between treatment group means (Cohen‟s d) using Hedges‟ 

correction for bias.  Minitab (Version 14.2, Minitab Inc, USA) and SPSS (Version 15.0, 

SPSS Inc, USA) were used for statistical analyses.   A single observer blinded to 

treatment group conducted the statistical analysis. 

 

4.3.8 Systematic review and meta-analysis 

We conducted a systematic review and meta-analysis of randomised controlled trials 

reporting the effect of homocysteine-lowering treatment with B-vitamin supplements on 

FMD and CIMT.   Papers were identified in the Medline (1950 to January 2008) and 

EMBASE (1988 to January 2008) databases and with a manual search of citations in the 

relevant retrieved papers.  The search strategy was (carotid intima media or intima 

medial thickness or IMT) AND (folate or folic acid or folic) for CIMT papers and (flow-

mediated dilation or endothelial function or FMD) AND (folate or folic acid or folic) for 

the FMD papers.  Figures 4.01 and 4.02 shows the paper selection process for both 

analyses.  We included all randomised, placebo-controlled, double-blind studies and 

open-label trials where observers assessing the outcomes were blinded to treatment 
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 Potential CIMT studies 

identified and screened   

(n = 32) Excluded   23 

Observational study  17 

Other treatments tested 3 

Review   2 

Unrelated to topic  1 

CIMT studies retrieved for 

detailed evaluation   

(n = 9) 

Excluded    3 

Other treatments tested 2 

No suitable control group 1 

 

 CIMT studies included 

(n = 6) 

 

allocation.  We excluded studies that reported FMD as an absolute change in brachial 

artery diameter because accurate standard deviations could not be calculated for the 

percent change.  The number of subjects, the post-treatment mean and the standard 

deviation in CIMT (mm) and FMD (%) in the vitamin and placebo groups were entered 

into the meta-analysis software (Review Manager (RevMan) software, version 4.2.10, 

Copenhagen, The Cochrane Collaboration).  Pooled estimates were calculated from 

weighted mean differences using a random effects model.  Sub-group analyses by 

treatment period and subject type were conducted for the FMD studies.   We performed 

sensitivity analyses by deleting studies one at a time, creating funnel plots, and 

comparing the results of a fixed effect model with those from a random effects model.  

 

 

Figure 4.01 Flow chart showing the meta-analysis paper selection process and 

exclusion reasons for CIMT studies 
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Figure 4.02. Flow chart showing the meta-analysis paper selection process and 

exclusion reasons for FMD studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Potential  FMD  studies  

identified and screened    

( n= 1 98 )   
E xcluded       138   

Review or comment      78   

Observational study     23   

Animal or cellular     13   

FMD not an outcome     11   

Unrelated to topic     7   

Other treatment s  tested   6   

  FMD s tudies retrieved for  

detailed evaluation   

( n  =  60 )   Excluded         40   

No suitable control group   13   

Plethysmography     9   

FMD not reported as %   7   

Insufficient information   6   

Duplicate data       2   

Other treatments tested   2   

Methionine loading     1   FMD s tudies included   

( n =  2 0 )   
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4.4 Results 

4.4.1 Subject recruitment and participant flow 

Subjects recruited for this sub-study initiated treatment between November 1998 and 

December 2003.  Follow-up data was collected between August 2004 and July 2006 

after a minimum of two years of continuous treatment.  Participant flow is shown in 

Figure 4.03.   The proportion of VITATOPS subjects excluded due to withdrawal, 

death, disability or geographical inaccessibility was similar in the treatment and placebo 

groups.  Approximately half of the subjects eligible for inclusion in this sub-study 

agreed to participate and had follow-up data collected.  A greater proportion of the 

participants were male and almost half as many participants as non-participants had had 

a haemorrhagic stroke.  No other significant differences between participants and non-

participants were detected in the clinical characteristics recorded at enrolment (Table 

4.01). 

 

4.4.2 Numbers analysed 

173 subjects had follow-up data collected.  We conducted an on-treatment analysis and 

thus excluded data from eleven subjects, seven from the placebo group and four from 

the vitamin group.  Eight subjects were taking open-label supplements containing folic 

acid or B-vitamins, two had stopped taking the VITATOPS tablets and one had been 

taking the VITATOPS medication for less than two years.  Results from four additional 

subjects were excluded from the FMD analysis, two from the placebo group (poor scan 

quality and cigarette smoking less than six hours prior to the study session) and two 

from the vitamin group (food intake and cigarette smoking less than six hours prior to 

the study session). 
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VITATOPS subjects enrolled in Perth (1998-2003)       n=532 

Randomisation 

Excluded 

from current 

study 

Excluded 

after letter 

Allocation 

Recruitment 

Excluded after 

follow-up 

Follow-up 

Withdrawn   n = 47 

Deceased  n = 33 

Disabled/unwell n = 12 

Moved away  n = 3 

Letter sent   n = 169 

No response   n = 49 

Declined  n = 26 

Screened    n = 5 

Did not attend  n = 3 

Attended follow-up  n = 86 

Taking B-vitamins n = 5 

Stopped treatment n = 1 

<2 years treatment n = 1 

Placebo  n = 264 

Data analysed   n = 79 

Withdrawn   n = 44 

Deceased  n = 35 

Disabled/unwell n = 11 

Moved away  n = 4 

No response   n = 50 

Declined  n = 28 

Screened    n = 6 

Did not attend  n = 3 

Attended follow-up  n = 87 

Letter sent   n = 174 

 

Taking B-vitamins n = 3 

Stopped treatment n = 1 

<2 years treatment n = 0 

Vitamins   n = 268 

 

Data analysed   n = 83 Analysis 

Baseline measurements 

 

Figure 4.03 Flow chart showing the recruitment process for this study 
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Table 4.01 Demographic and clinical characteristics of subjects eligible for inclusion 

 

  

Participants 

n=173 

Non-participants 

n=170 
p 

Age at event, years 65 ± 11 64 ± 14 0.58 

Sex, male 126 (73) 96 (56) <0.01 

Stroke type    

Ischemic 124 (72) 117 (69) 

0.33 
TIA  34 (20) 28 (16) 

Haemorrhagic 13 (7) 22 (13) 

Unknown 2 (1) 3 (2) 

Medications    

Antiplatelet agent  140 (81) 131 (77) 0.40 

Warfarin 28 (16) 30 (18) 0.76 

Statin 57 (33) 51 (30) 0.54 

Antihypertensive agent 97 (56) 83 (49) 0.20 

Risk factors    

Hypertension
*
 120 (69) 105 (62) 0.14 

Hypercholesterolemia
†
 61 (35) 50 (30) 0.31 

Diabetes
‡
 29 (17) 32 (19) 0.71 

Current smoker 33 (19) 31 (18) 0.84 

Clinical characteristics    

Systolic BP, mmHg 133 ± 18 134 ± 18 0.75 

Diastolic BP, mmHg 78 ± 10 78 ± 10 0.78 

eGFR, ml/min/1.73m
2 §

 87 ± 21 90 ± 27 0.35 

 

Values are mean ± standard deviation or number (%) 

P-values for continuous variables are from a two-sample t-test, from a normal approximation to the 

binomial for proportions and from a chi-square test for categories. 

TIA indicates transient ischemic attack of eye or brain; BMI, body mass index; BP, blood pressure, 

eGFR, estimated glomerular filtration rate. 

* 
History of previous or current hypertension 

†
Treated for hypercholesterolaemia  

‡
 Includes type I, type II and impaired fasting glycaemia 

§
Estimated using the Modification of Diet in Renal Disease Study equation [32]
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4.4.3 Baseline and follow-up data 

The demographic and clinical characteristics of each group at baseline and follow-up 

are presented in Table 4.02.  There were no significant differences in these variables 

between the groups at baseline or follow-up.   The systolic blood pressure appeared to 

be lower in the vitamin group at follow-up, but the difference was not significant when 

corrected for baseline values (p=0.19).   Blood results are presented in Table 4.03.  

Mean tHcy was lower at baseline in the subjects randomised to vitamins and had 

dropped by a further 23% at follow-up.  As expected, the vitamin group had 

significantly higher red blood cell folate, serum B6 and serum B12 levels at follow-up 

than the placebo group.   

 

4.4.4 Vascular outcomes and estimated effect size 

The vascular outcome measurements are presented in Table 4.04.  The mean CIMT in 

the vitamin group was not significantly different from the mean CIMT in the placebo 

group at follow-up.  The mean difference between groups was 0.01mm (95% CI –

0.04mm, 0.06mm).  The estimated effect size was 0.06 (95% CI –0.25, 0.37).  The 

median FMD in the vitamin group was not significantly different from the median FMD 

in the placebo group at follow-up.  The mean difference between the groups was 0.5% 

(95% CI –0.73%, 1.73%).  The effect size was 0.12 (95% CI –0.19, 0.44).  We did not 

find any significant differences in the effect of B-vitamins on CIMT or FMD among the 

etiological subtypes of stroke.   Results from an intention-to-treat analysis were not 

substantially different from the on-treatment analysis reported here. 
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Table 4.02 Subject characteristics at baseline and follow-up 
 

 Baseline Follow-up 

  

Placebo 

n=79 

Vitamins 

n=83 

Placebo 

n=79 

Vitamins 

n=83 

Age, years 65 ± 11 64 ± 12 69 ±11 68 ± 12 

Sex, male 56 (71) 61 (73) 56 (71) 61 (73) 

Treatment period, years - - 3.8 ± 0.9 4.0 ± 0.9 

Stroke type     

Ischemic 54 (69) 62 (75) - - 

TIA  19 (24) 13 (16) - - 

Haemorrhagic 4 (5) 8 (10) - - 

Unknown 2 (3) 0 (0) - - 

Medications     

Antiplatelet agent  68 (86) 63 (76) 60 (76) 59 (71) 

Warfarin 11 (14) 16 (19) 13 (17) 15 (18) 

Statin 24 (32) 30 (36) 59 (75) 56 (68) 

Antihypertensive agent 47 (60) 45 (54) 69 (87) 71 (86) 

Risk factors     

Hypertension
*
 57 (72) 63 (75) 69 (87) 71 (86) 

Hypercholesterolemia
†
 25 (32) 29 (35) 59 (75) 56 (68) 

Diabetes
‡
 14 (18) 15 (18) 22 (28) 19 (23) 

Current smoker 15 (19) 18 (22) 7 (9) 7 (8) 

Fruit, pieces/day - - 1.7 ± 1.3 1.6 ± 1.1 

Vegetables, serves/day - - 3.5 ± 1.1 3.5 ± 1.2 

Clinical characteristics     

BMI, kg/m
2
 - - 29.3 ± 4.9 29.1 ± 4.8 

Waist circumference, cm - - 103 ± 12 103 ± 13 

Systolic BP, mmHg 135 ± 15 132 ± 16 145 ± 19 140 ± 16 

Diastolic BP, mmHg 78 ± 9 78 ± 10 79 ± 11 78 ± 10 

eGFR, ml/min/1.73m
2 §

 84 ± 19 88 ± 21 79 ± 18 77 ± 24 

 

Values are mean ± standard deviation or number (%) 

TIA indicates transient ischemic attack of eye or brain; BMI, body mass index; BP, blood pressure, 

eGFR, estimated glomerular filtration rate. 

* 
History of previous or current hypertension 

†
Treated for hypercholesterolaemia  

‡
 Includes type I, type II and impaired fasting glycaemia 

§
Estimated using the Modification of Diet in Renal Disease Study equation [407].
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Table 4.03 Blood results at baseline and follow-up 

 Baseline Post-treatment Adjusted 

treatment 

difference 

p 
 

Placebo 

n=79 

Vitamins 

n=83 

Placebo 

n=79 

Vitamins 

n=83 

tHcy  

µmol/L 

11.7  

(10.9, 12.6) 

10.3  

(9.6, 11.1) 

11.8  

(10.9, 12.8) 

7.9  

(7.5, 8.4) 
-3.7  0.8 <0.001 

Serum B6  

nmol/L 

40   

(36, 45) 

34  

(31, 38) 

34  

30, 38) 

118  

(116, 121) 
79  3 <0.001 

Serum B12  

pmol/L 

297  

(266, 331) 

317  

(285, 351) 

274  

(248, 302) 

638  

(600, 680) 
328  25 <0.001 

RBC folate  

nmol/L 

805  

(732, 885) 

884  

(796, 982) 

944 

(839, 1061) 

2534  

(2401, 2673) 
1475  103 <0.001 

Cholesterol  

mmol/L 

4.7  

(4.5, 4.9) 

4.8  

(4.6, 5.0) 

4.3  

(4.2, 4.5) 

4.4  

(4.2, 4.6) 
-0.1  0.2 0.63 

Triglycerides  

mmol/L 

1.4  

(1.2, 1.5) 

1.5  

(1.3, 1.6) 

1.3  

(1.1, 1.4) 

1.3  

(1.1, 1.4) 
-0.1  0.1 0.53 

LDL*  

mmol/L  
- - 

2.3  

(2.1, 2.4) 

2.3  

(2.1, 2.4) 
- - 

HDL  

mmol/L 
- - 

1.3  

(1.2, 1.4) 

1.3  

(1.2, 1.3) 
- - 

Creatinine  

µmol/L 

80  

(76, 83) 

79  

(74, 84) 

84  

(81, 88) 

88  

(83, 90) 
3.1  3.0 0.30 

Cystatin C 

mg/L 

1.02  

(0.97, 1.07) 

1.05  

(1.00, 1.11) 

1.04  

(0.99, 1.09) 

1.08  

(1.02, 1.15) 
0.01  0.03 0.69 

GGT  

mmol/L 
- - 

26  

(22, 30) 

30  

(27, 34) 
- - 

Glucose 

mmol/L 

5.4  

(5.3, 5.6) 

5.5  

(5.3, 5.7) 

5.1  

(4.9, 5.2) 

5.2  

(5.0, 5.4) 
0.1  0.2 0.59 

HbA1c  

% 
- - 

5.8  

(5.6, 6.0) 

5.9  

(5.7, 6.1) 
- - 

RBC indicates red blood cell; LDL, low density lipoprotein; HDL, high density lipoprotein; GGT, gamma 

glutamyl transpeptidase; HBA1c, glycated haemoglobin. 

Baseline and follow-up values are presented as geometric mean (95% confidence interval) 

Adjusted mean treatment differences are presented as mean  standard error  

p-values for the adjusted mean treatment differences are from a univariate general linear model. 

*
Calculated using the Friedewald equation
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Table 4.04 Vascular outcome measurements 

 

 Placebo 

n=79 

Vitamins 

n=83 
p 

Vascular Structure     

Carotid intima-medial thickness, mm 0.83 ± 0.18 0.84 ± 0.17 0.74 

Carotid lumen diameter, mm 6.35 ± 0.72 6.49 ± 0.94 0.31 

Brachial artery diameter, mm 3.66 ± 0.67 3.84 ± 0.82 0.12 

Vascular Function     

Flow-mediated dilation, % 3.0 (0.6 - 6.6) 4.0 (0.9 - 7.2) 0.48  

GTN-mediated dilation, % 20.2 ± 7.4 20.2 ± 8.1 0.98 

Values are mean ± standard deviation or median (inter-quartile range) 

P-values are from a two-sample t-test or a two-sample rank test (Mann-Whitney) 

GTN indicates glyeryl trinitrate. 

 

 

4.4.5 Systematic review and meta-analysis 

4.4.5.1 CIMT studies 

We identified six randomised placebo-controlled studies that measured the effect of B-

vitamin treatment on CIMT.  The pooled estimate from these studies was a significant 

reduction in CIMT of 0.13 mm (95%CI –0.25, -0.01mm, n=606, p=0.03, I
2
=84.1%) in 

vitamin-treated subjects compared with placebo (Figure 4.04).  The inclusion of our 

data reduced the estimated effect to -0.10mm and narrowed the confidence interval to -

0.20 to –0.01mm (n=768, p=0.04, I
2
=84.9%).   Using a fixed-effect versus a random-

effects model did not substantially alter the pooled estimate.  However, removing the 

Vianna (2007) data from the analysis reduced the pooled estimate to non-significance (-

0.06mm, 95% CI –0.13, 0.02) [289]. A funnel plot of effect size versus study precision 

was asymmetrical with a relative dearth of moderately precise negative studies, 

suggesting the presence of a positive publication bias (Figure 4.05A). 
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Figure 4.04 Change in CIMT associated with B-vitamin treatment in included 

randomised trials 

 

 

 

 

 

 

 

 

 

Squares indicate the mean difference in CIMT between the vitamin-treated and placebo-treated groups: 

the size of the square is proportional to the number of subjects in the study and the horizontal line 

indicates the 95% confidence interval. Diamonds represent the 95% confidence intervals for the sub-total 

and total differences.  Studies are ordered by effect size. 

 

WMD, weighted mean difference; CI, confidence interval; RF indicates subjects with renal failure as 

defined by authors; RTR, renal transplant recipients; CAD, coronary artery disease. 

 

 

Figure 4.05  Funnel plots for CIMT and FMD meta-analyses showing standard error 

against weighted mean difference studies included in meta-analyses. 

 

 

 

 Study Vitamins 
      n          Mean (SD) 

Placebo 
    n         Mean (SD) 

Difference in CIMT 
(mm) 

Weight 
% 

Weighted mean difference 
95% CI 

Previous studies 
Vianna 2007 (RF) [289]        60    1.69(0.35)    53    2.09(0.46)       12.91     -0.40 [-0.55, -0.25]       
Marcucci 2003 (RTR) [310]      25    0.64(0.17)    28    0.87(0.19)       15.97     -0.23 [-0.33, -0.13]       
Till 2005 (IMT>1mm) [309]     26    1.42(0.48)    24    1.54(0.71)        5.68     -0.12 [-0.46, 0.22]        
Fernandez 2006 (CAD) [311]     61    0.69(0.20)    63    0.72(0.29)       16.46     -0.03 [-0.12, 0.06]        
Zoungas 2006 (RF) [313]      120    1.04(0.23)   126    1.06(0.29)       17.52     -0.02 [-0.09, 0.05]        
Austen 2006 (RTR) [262]       10    0.49(0.20)    10    0.50(0.11)       13.50     -0.01 [-0.15, 0.13]        

Subtotal (95% CI)    302                 304  82.03     -0.13 [-0.25, -0.01] 
Test for heterogeneity: Chi² = 31.43, df = 5 (P < 0.00001), I² = 84.1% 
Test for overall effect: Z = 2.16 (P = 0.03) 

Current Study 
Potter 2007 (Stroke) [4]     83    0.84(0.17)    79    0.83(0.18)       17.97      0.01 [-0.04, 0.06]        

Test for heterogeneity: not applicable 
Test for overall effect: Z = 0.36 (P = 0.72) 

Total (95% CI)    385                 383 100.00     -0.10 [-0.20, -0.01] 
Test for heterogeneity: Chi² = 39.75, df = 6 (P < 0.00001), I² = 84.9% 
Test for overall effect: Z = 2.10 (P = 0.04) 
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4.4.5.2 FMD studies  

We identified twenty randomised controlled trials that met our inclusion criteria for 

measuring the effect of B-vitamins on FMD.   The pooled estimate, including our data, 

was an absolute increase in FMD of 1.4% (95%CI 0.7, 2.1%, n=1280, p<0.0001) in 

vitamin-treated subjects compared with placebo  (Figure 4.06).  When studies were 

divided by treatment period, the significant improvement in FMD in short-term studies 

(less than eight weeks treatment) was not apparent in longer-term studies.  When the 

studies were analysed according to subject type, treatment with B-vitamins improved 

FMD in subjects with diabetes (3.5%, 95% CI 2.3, 4.7%, n=170) and in those with 

coronary artery disease (1.9%, 95%CI 0.4, 3.4%, n=347), but had no significant effect 

on FMD in healthy subjects with elevated tHcy (1.0%, 95%CI –0.2, 2.3%, n=204), in 

subjects with renal impairment (0.2%, 95% CI –0.8, 1.3%, n=161) or in subjects with 

risk factors for cardiovascular disease such as a family history of vascular disease, 

hypercholesterolemia or hypertension (-0.1%, 95% CI -2.1, 1.9%, n=197). 

 

Removing individual studies did not substantially alter the estimated effect, and nor 

were there any differences between results obtained using the fixed-effect versus the 

random-effects model.   Including the seven studies that reported FMD as an absolute 

change in brachial artery diameter by using mean standardised differences did not 

change the overall result or the results of the sub-group analyses. A funnel plot of effect 

size against study precision appeared to be symmetrical (Figure 4.05B). 
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Study  Vitamins  Placebo Difference in FMD  Weight Weighted mean difference 

 n Mean (SD) n Mean (SD)  95% CI  %  95% CI 

Four weeks or less 
Lekakis 2004 (HC) [257]        17      7.10(3.10)          17      5.60(2.20)        4.45      1.50 [-0.31, 3.31]        
Title 2006 (Type II) [266]     19      5.80(4.80)          19      3.20(2.70)        3.55      2.60 [0.12, 5.08]         
Dinckal 2003 (CAD) [252]       15      9.40(2.30)          11      3.80(1.20)        5.07      5.60 [4.24, 6.96]         

    51                          47  13.07      3.31 [0.52, 6.10] 
Test for heterogeneity: Chi² = 13.81, df = 2 (P = 0.001), I² = 85.5% 
Test for overall effect: Z = 2.33 (P = 0.02) 

Five to eight weeks 
Sydow 2003 (PAD) [253]          8      8.30(2.55)           8      8.90(1.98)        3.86     -0.60 [-2.84, 1.64]        
Bennett  2002 (RF) [247]      25      8.47(3.01)          25      8.80(4.01)        4.22     -0.33 [-2.30, 1.64]        
Olthof 2006 (HHcy) [168]       39      2.80(1.90)          39      2.80(1.80)        5.75      0.00 [-0.82, 0.82]        
Hirsh 2002b (HHcy) [249]        9      8.77(5.64)          11      8.07(7.95)        1.16      0.70 [-5.27, 6.67]        
Pena 2007 (OB) [270]           27      6.56(4.79)          26      5.79(4.27)        3.60      0.77 [-1.67, 3.21]        
Woodman 2004b (HHcy) [156]     13      8.70(4.70)          13      7.90(4.30)        2.52      0.80 [-2.66, 4.26]        
Woodman 2004a (HHcy) [156]     13      6.30(3.60)          13      5.30(2.50)        3.67      1.00 [-1.38, 3.38]        
Moens 2007a  (AMI) [268]       20      6.44(2.50)          20      5.42(2.64)        4.75      1.02 [-0.57, 2.61]        
Hirsch 2002a [249]             9      8.47(7.42)          11      7.34(2.55)        1.49      1.13 [-3.95, 6.21]        
Moens 2007b (AMI) [268]        20      6.49(2.50)          20      4.46(1.70)        5.12      2.03 [0.71, 3.35]         
Chambers 2000 (CAD) [240]      59      4.00(3.70)          30      1.90(2.60)        5.12      2.10 [0.77, 3.43]         
Woo 1999  (HHcy) [238]         17      8.20(1.60)          17      6.00(1.30)        5.57      2.20 [1.22, 3.18]         
Pena 2004b (Type I) [259]      15      5.50(3.80)          15      3.10(3.80)        3.26      2.40 [-0.32, 5.12]        
Pena 2004a (Type I) [259]      21      5.70(3.00)          21      2.40(3.10)        4.39      3.30 [1.45, 5.15]         
Makenzie2006(Type I) [263]     30     10.48(4.39)          30      5.44(3.37)        4.20      5.04 [3.06, 7.02]         

   325                         299  58.69      1.52 [0.72, 2.33] 
Test for heterogeneity: Chi² = 40.03, df = 14 (P = 0.0003), I² = 65.0% 
Test for overall effect: Z = 3.71 (P = 0.0002) 

Nine to twelve weeks 
Carlsson 2004 (HT) [255]      20      2.40(4.90)          20      3.00(4.20)        3.14     -0.60 [-3.43, 2.23]        
Thambyrajah 2001(CAD) [246]     43      4.50(3.08)          43      4.10(3.08)        5.16      0.40 [-0.90, 1.70]        
Thambyrajah 2000 (RF) [241]     47      4.30(2.90)          44      3.90(3.45)        5.14      0.40 [-0.91, 1.71]        

   110                         107  13.44      0.30 [-0.58, 1.18] 
Test for heterogeneity: Chi² = 0.43, df = 2 (P = 0.81), I² = 0% 
Test for overall effect: Z = 0.68 (P = 0.50) 

More than twelve weeks 

van Dijk 2001 (FHx) [233]      56      6.40(6.80)          57      8.00(6.20)        3.65     -1.60 [-4.00, 0.80]        
Potter 2007 (Stroke) [4]     81      4.56(4.13)          79      4.06(3.83)        5.25      0.50 [-0.73, 1.73]        
Austen 2006 (RTR) [262]        10      7.00(4.90)          10      6.10(5.00)        1.88      0.90 [-3.44, 5.24]        
Title 2000 (CAD) [266]       25      5.20(3.90)          25      2.90(3.70)        4.03      2.30 [0.19, 4.41]         

   172                         171  14.80      0.53 [-0.99, 2.06] 
Test for heterogeneity: Chi² = 5.76, df = 3 (P = 0.12), I² = 47.9% 
Test for overall effect: Z = 0.69 (P = 0.49) 

   658                         624 100.00      1.43 [0.72, 2.14] 
Test for heterogeneity: Chi² = 92.64, df = 24 (P < 0.00001), I² = 74.1% 
Test for overall effect: Z = 3.95 (P < 0.0001) 
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Figure 4.06 Change in FMD associated with B-vitamin treatment in previous 

randomised controlled trials. 

 

 

 

 

 

 

Squares indicate the mean difference in FMD between the vitamin and placebo groups: the size of the 

square is proportional to the number of subjects in the study and the horizontal line indicates the 95% 

confidence interval. Diamonds represent the 95% confidence intervals for the sub-total and total 

differences.  Studies are ordered by effect size. 

 

CI indicates confidence interval; HC indicates subjects with hypercholesterolaemia as defined by study 

authors; Type II, type II diabetes mellitus; CAD, coronary artery disease; PAD, peripheral artery disease; 

RF, renal failure; HHcy, hyperhomocysteinemia; OB, obese; AMI, acute myocardial infarction; N, 

normal healthy subjects; Type I, type 1 diabetes mellitus; HT, hypertension; FHx, family history of 

cardiovascular disease; RTR, renal transplant recipients. 
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4.5 Discussion 

We found that long-term homocysteine-lowering with folic acid, vitamin B6 and vitamin 

B12 did not reduce CIMT or increase FMD in individuals with a history of stroke.   

When we included our results with data from similar randomised trials in a meta-

analysis the estimated pooled effect was a modest improvement in both CIMT and 

FMD. 

 

The 95% confidence intervals for the effect of B-vitamin supplementation on CIMT (-

0.04mm, 0.06mm) and FMD (-0.73%, 1.73%) in our study overlap with confidence 

intervals from the meta-analyses of -0.25mm to –0.01mm and 0.73% to 2.23% (current 

data excluded), indicating that our results are consistent with pooled data from similar 

randomised studies.   In a recent systematic review and meta-analysis, Lorenz et al. 

report that a difference of 0.1mm in CIMT predicts a 10% to 15% reduction in the risk 

of future MI and a 13% to 18% reduction in the risk of future stroke [350].  To the best 

of our knowledge, a similar calculation for the predicative value of an absolute 

difference in FMD has not been reported.   A recent study by Yeboah et al. reports a 9% 

reduction (95% CI 1%, 17%) in the risk of a future cardiovascular event (cardiovascular 

disease death, myocardial infarction, stroke, congestive heart failure, claudication, 

angioplasty or cardiac bypass graft surgery) per unit SD in FMD, an absolute difference 

of approximately 1.2%  [395].   Our meta-analyses estimates for the effect of B-vitamin 

supplementation on CIMT (-0.1mm) and FMD (+1.4%) thus appear to be consistent 

with a significant clinical benefit, a result that conflicts with randomised trial evidence 

that homocysteine-lowering treatment does not significantly reduce mortality or 

morbidity [317, 319, 324, 330, 335, 408].  There are several possible explanations for 

this discrepancy. 
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One explanation is that the results of the CIMT meta-analysis are unreliable.  Only a 

small number of studies have measured the effect of B-vitamin treatment on CIMT 

(n=768 subjects, including the current study), the results show considerable 

heterogeneity (I
2
=85%), are strongly influenced by a single study and are likely to have 

been influenced by publication biases.  A large study (n=819) that has not yet published 

detailed data has recently reported finding no difference between placebo and treatment 

groups in mean CIMT after three years of treatment with folic acid [314].  Adding this 

study to the CIMT meta-analysis would double the subject numbers and significantly 

reduce the estimated effect of homocysteine-lowering treatment. 

 

By contrast with the CIMT data, the FMD meta-analysis results appear to be relatively 

robust with no clear evidence of a publication bias.  A similar meta-analysis has also 

recently reported a positive effect of homocysteine-lowering treatment on FMD (1.08%, 

95%CI 0.57, 1.59%, n=732) [409].  A possible explanation for the discrepancy between 

the apparent improvement in FMD in the meta-analyses and the lack of improvement in 

clinical trial event rates is that the laboratory studies and the intervention trials have 

been conducted in different subject groups.  Most clinical trials have recruited subjects 

with existing vascular disease, either coronary artery [317, 321, 335, 408, 410, 411]or 

cerebrovascular disease [319], or with strong vascular risk factors such as diabetes [317] 

or renal impairment [313, 330, 412].   While the effect of homocysteine-lowering on 

FMD has also been assessed most frequently in subjects with existing disease or 

vascular risk factors, many studies have been conducted in healthy individuals.   

 

It is possible that homocysteine-lowering treatment may prove more effective in 

individuals without established vascular disease, as a recent meta-analysis of clinical 

trial data suggests that the incidence of new ischemic stroke is significantly reduced by 
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B-vitamin supplementation whilst recurrent stroke is not [325].  However, our sub-

group analysis indicates that B-vitamin treatment improves FMD in people with 

diabetes and coronary disease but not in healthy subjects.  The discrepancy between the 

FMD data and the clinical trial results is thus not explained by the laboratory studies 

having been undertaken in healthy individuals and the clinical trials in subjects with 

established disease. 

 

Our sub-group analysis also indicates that the significant improvements in FMD 

associated with short-term folic acid treatment are not sustained in longer-term studies 

(Figure 4.06). Whether this observation reflects a true biological effect, is due to 

publication biases, or to systematic differences between short and long term trials with 

respect to the characteristics of participants or dose of folic acid dose is not clear.   

However, it raises the interesting question of whether long-term exposure to B-vitamins 

might have adverse effects on the vasculature that counteract any short-term 

improvement in endothelial function.  The Heart Outcomes Prevention Evaluation 

(HOPE) 2 study found that vitamin-treated subjects were more likely to be admitted to 

hospital with unstable angina than those on placebo (RR 1.24, 95% CI 1.04, 1.49) [317].  

This finding might be attributed to chance were it not for evidence that B-vitamin 

therapy increases the risk of in-stent stenosis and the need for revascularisation 

following angioplasty [335, 408]. The Norwegian Vitamin Trial (NORVIT) in 3749 

men and women with a recent myocardial infarction also found a small increase in the 

risk of the composite endpoint (recurrent myocardial infarction, stroke or sudden death 

attributed to coronary artery disease) in the vitamin group (RR 1.22, 95% CI 1.00, 1.50, 

p=0.05) [321].  Excess folic acid, through its growth-promoting effects, could 

conceivably accelerate intimal hyperplasia and smooth muscle cell proliferation in 

existing vascular lesions. 
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A more controversial explanation for the discrepancy between the improvements in 

FMD and CIMT in our meta-analysis and the negative results from the clinical trials is 

that FMD and CIMT are not particularly reliable or sensitive indicators of 

cardiovascular risk.   Although FMD and CIMT are widely and enthusiastically 

accepted as surrogates for vascular events, the evidence linking these measurements 

with hard clinical endpoints is relatively weak and the small changes in FMD and CIMT 

associated with B-vitamin treatment in our meta-analyses may actually have limited 

independent prognostic significance [364, 385].   

 

4.5.1 Limitations 

Our study has several strengths, namely its large size, long duration and randomised, 

placebo-controlled, double-blind design.  Ours is the first study to investigate the effects 

of B-vitamin supplementation on FMD and CIMT in people with a history of stroke and 

TIA.   By conducting a systematic review and meta-analysis, we were able to estimate 

the effect of B-vitamin treatment on FMD and CIMT based on the totality of available 

randomised evidence.   This additional analysis puts our results in proper context and 

allows for the addition of more randomised data as they are published.  

 

Our study also has limitations.  We did not measure FMD or CIMT prior to 

randomisation and were thus unable to adjust the post-treatment change in these 

measurements for baseline values.   The randomisation process should have ensured that 

both groups had similar CIMT and FMD at baseline, making it statistically valid to 

estimate the effect of treatment by testing only the follow-up measurements.   By 

chance, however, the group randomised to B-vitamins had a lower mean tHcy at 

baseline than the group randomised to placebo.   Although the two groups were similar 

in all other clinical characteristics, we cannot be sure that the mean CIMT and FMD 
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were actually the same in both groups prior to treatment.  However, as tHcy is 

positively associated with CIMT and negatively with FMD, any baseline differences in 

these measurements between the groups should have increased rather than reduced the 

probability of finding improved FMD and CIMT in the vitamin group at follow-up. 

 

A further limitation of the study is that, due to ethical constraints, we did not contact 

subjects who failed to respond to the invitation letter.  We collected usable data from 

only 30% of the subjects originally randomised, approximately half of the subjects 

identified retrospectively as eligible for inclusion.  Apart from a higher proportion of 

males and fewer haemorrhagic strokes, participants did not differ significantly from the 

eligible non-participants in demographic or clinical characteristics and thus appeared to 

be broadly representative of the larger cohort (Table 4.01).  It is likely however, that the 

participants in this study comprise an intelligent, motivated and compliant sub-group of 

VITATOPS subjects.   Most participants had well-controlled blood pressure and 

cholesterol levels, were on optimal medical treatment and had healthy life-styles, factors 

that may have reduced our ability to detect any additional vascular benefits from the 

homocysteine-lowering treatment.   

 

Selecting subjects who had survived for at least two years after randomisation without 

severe disability may also have influenced our results.   If subjects with a low FMD or 

high CIMT randomised to the vitamin group had improved disability-free survival 

compared with similar subjects randomised to placebo, they may have been over-

represented in the vitamin-group at follow-up, reducing our chances of finding a 

between-group difference in the vascular outcomes.   However, we found no difference 

in the number of subjects in each group excluded from the current study due to death or 
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disability, making it unlikely that this potential source of bias substantially altered our 

results. 

 

4.5.2 Generalisability 

It is not clear that our negative result can be extrapolated to people with a history of 

stroke in the general population.  The majority of our subjects were on optimal medical 

treatment, which may have made it difficult to detect any additional benefit from 

lowering tHcy.  In addition, the subjects were a self-selected group of trial participants 

and were thus a highly motivated and compliant group of individuals unlikely to be 

representative of the community at large. 

 

4.6 Conclusions 

Our results indicate that long-term homocysteine-lowering treatment with B-vitamins 

does not significantly reduce CIMT or increase FMD in people with a history of stroke.  

In addition, the modest increase in FMD associated with short-term B-vitamin treatment 

does not appear to be translated into improved vascular structure or sustained in the 

longer term. 
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5.1 Abstract 

5.1.1 Background 

The aim of this study was to determine whether adjustment for renal function eliminates 

the relationship between total plasma homocysteine (tHcy) and vascular risk, assessed 

by carotid intima medial thickness (CIMT) and flow-mediated dilation (FMD) of the 

brachial artery. 

 

5.1.2 Methods 

We used cross-sectional data from 173 stroke patients treated with B-vitamins (folic 

acid 2mg, vitamin B6 25mg and vitamin B12 0.5mg) or placebo in a randomised 

double-blinded trial to test the relationships between post-treatment tHcy, cystatin C (a 

marker of glomerular filtration rate), estimated glomerular filtration rate (eGFR, 

Modification of Diet in Renal Disease equation) creatinine, CIMT and FMD in stepwise 

and multivariable regression models. 

 

5.1.3 Results 

The strong linear relationship between tHcy and cystatin C was not altered by long-term 

B-vitamin treatment.  tHcy lost significance as a predictor of the vascular measurements 

after adjustment for any single marker of renal function.  Cystatin C, but not tHcy, was 

a significant independent predictor of FMD after adjustment for age, sex, smoking, 

systolic blood pressure, high-density lipoprotein cholesterol and treatment group. 

 

5.1.4 Conclusions 

Adjusting for renal function eliminates the relationship between tHcy and CIMT and 

FMD, supporting the hypothesis that elevated tHcy is a marker for renal impairment 

rather than an independent cardiovascular risk factor. 
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5.2 Introduction 

Elevated plasma homocysteine concentrations (tHcy) are associated with an increased 

risk of stroke and myocardial infarction, but it remains unclear whether elevated tHcy 

causes atherosclerosis or is a marker of risk burden.  Glomerular filtration rate (GFR) is 

the strongest determinant of tHcy in individuals with an adequate B-vitamin intake and 

it has been suggested that elevated tHcy may account for some of the excess 

cardiovascular risk associated with renal failure [43].   Evidence that homocysteine-

lowering treatment does not reduce vascular event rates or mortality in people with 

renal insuffiency has undermined this hypothesis [330, 412, 413]. 

 

Recent data from two large prospective trials indicate that small reductions in GFR 

increase cardiovascular risk more significantly than previously appreciated, supporting 

the alternative hypothesis that renal impairment is an independent causal risk factor for 

atherosclerosis and mildly elevated tHcy a marker for reduced GFR [48, 85, 414].   

Observational studies reporting an association between tHcy and surrogate markers of 

vascular risk, such as carotid intima medial thickness (CIMT) and flow-mediated 

dilation (FMD), frequently fail to adjust for renal function or correct only for creatinine 

[211, 415].   Serum creatinine is influenced by many factors and is thus a relatively 

insensitive marker for renal insufficiency.   Cystatin C is a more accurate indicator of 

GFR than creatinine, particularly in the elderly, as its concentration is not substantially 

affected by age, muscle mass or nutritional status [416]. 
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5.2.1 Study aim 

Our hypothesis is that adequate adjustment for renal function with cystatin C will 

eliminate the association between tHcy and vascular risk, assessed by CIMT and FMD.  

Our aim is to test this hypothesis in a post-hoc analysis of data from a randomised, 

double-blind, placebo-controlled homocysteine-lowering trial. 

 

5.3 Methods 

The study was conducted in accordance with the Declaration of Helsinki. The Royal 

Perth Hospital (RPH) Ethics Committee approved the study protocol and each subject 

gave written informed consent prior to taking part. 

 

5.3.1 Study Design and Intervention 

This study was a post-hoc analysis of cross-sectional data collected from a sub-group of 

participants in the VITAmins TO Prevent Stroke (VITATOPS) trial.  VITATOPS is a 

large, randomised, double blind, placebo-controlled trial designed to examine the 

efficacy and safety of homocysteine-lowering with B-vitamin treatment in the 

prevention of vascular events in patients with a recent stroke [320].   VITATOPS 

subjects were randomly assigned to treatment with a single daily tablet containing folic 

acid 2mg, vitamin B6 25mg, and vitamin B12 500g or an indentical placebo tablet.  

Figure 5.01 shows the recruitment flow-chart for this sub-study.   All VITATOPS 

participants enrolled in Perth, Australia who had been taking the study medication for a 

minimum of two years were eligible for inclusion (n=532). Subjects who had died, 

withdrawn from VITATOPS, ceased taking the study medication, moved away from 

Perth or were severely disabled were excluded (n=189).  Recruitment letters were sent 

to all eligible subjects and those who responded positively were contacted by telephone 

and enrolled in this study (n=173). 
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VITATOPS subjects enrolled in Perth (1998-2003)        532 (100%) 

Randomisation 

Excluded 

from current 

study 

Excluded 

after letter 

Allocation 

Recruitment 

Data 

collection 

Withdrawn   44  (8.3%) 

Deceased  35  (6.6%) 

Disabled/unwell 11  (2.1%) 

Moved away   4   (0.8%)

  

Letter sent   169 (31.8%) 

No response   50  (9.4%) 

Declined  28  (5.3%) 

Screened   6   (1.1%) 

Did not attend   3   (0.6%) 

Follow-up data   87  (16.4%) 
 

Vitamins  268 (50.4%) 

Follow-up data 86  (16.2%) 
 

Letter sent  174 (32.7%) 

 

Placebo  264 (49.6%) 

 

Baseline measurements 

Withdrawn   47  (8.8%) 

Deceased  33  (6.2%) 

Disabled/unwell 12  (2.3%) 

Moved away   3   (0.6%)

  

No response   49  (9.2%) 

Declined  26  (4.9%) 

Screened   5   (0.9%) 

Did not attend   3   (0.6%) 

Figure 5.01 Flow chart showing the recruitment process for this study 
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5.3.3 Data collection at > 2 years after randomisation 

All subjects attended for a single appointment at which age, sex, smoking status, alcohol 

intake, medications and cardiovascular risk factors were recorded, blood pressure, 

height, weight, hip and waist girth, CIMT and FMD were measured and a fasting blood 

sample was collected. 

 

5.3.3.1 Assessment of vascular structure and function 

CIMT and FMD were measured using methods described in Chapter Four [4].   Subjects 

fasted overnight, withheld any morning medications and refrained from smoking or 

consuming caffeine or alcohol for at least six hours prior to the study session.  We 

recorded B-mode ultrasound images in the carotid and brachial arteries with a 10 MHz 

multi-frequency linear array probe attached to a high-resolution ultrasound (Acuson 

Aspen, Mountain View, California).  Digital images of the right and left common 

carotid arteries were recorded proximal to the bifurcation from three angles of 

insonation; posterior, lateral and anterior.  CIMT was measured off-line using edge-

tracking software described in Chapter Two [2].  The final CIMT values for each 

subject were calculated as the mean of these six measurements. 

 

FMD was measured in the left arm and B-mode images of the brachial artery were 

recorded for one minute to assess baseline arterial diameter.  A rapid inflation/deflation 

pneumatic cuff placed around the forearm was inflated to 250mmHg for five minutes to 

provide the ischemic stimulus.  After cuff deflation, images were recorded continuously 

for two minutes to capture peak arterial dilation. FMD was measured off-line using 

edge-detection software described previously [306].   All measurements were made by a 

single observer blinded to treatment status.   
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5.3.3.2 Blood tests  

A venous blood sample was collected after the vascular measurements.  Blood for tHcy 

measurements was collected onto ice and centrifuged (4C, 3000rpm, 8 minutes) within 

an hour of collection.  tHcy, RBC folate and serum B12 were measured using an 

competitive immunoassay (Immulite 2000, Diagnostic Products Corporation, Los 

Angeles, CA, USA).  Serum B6 was determined by microbiological assay using 

Lactobacillus casei as the test organism. Cholesterol, triglycerides, glucose and glycated 

haemoglobin (HBA1c) were also measured. 

 

5.3.3.3 Assessment of renal function 

Renal function was primarily assessed using cystatin C.  Baseline and post-treatment 

cystatin C concentrations were measured in a single batch by nephelometry (Dade 

Behring BNII, Marburg, Germany) on serum samples stored at -80C. We also 

measured serum creatinine and estimated GFR (eGFR) using the four variable formula 

from the Modification of Diet in Renal Disease (MDRD) study [407]. Serum creatinine 

was measured by a kinetic assay (Jaffe method) on a Roche Hitachi 917 analyser 

(Roche Diagnostics GmbH, Mannheim, Germany).  

 

5.3.4 Statistical analysis 

Variables with a log-normal distribution, including tHcy, cystatin C and creatinine, were 

log-transformed and results reported as geometric mean (95% CI).  Continuous 

variables were compared by t-test or one-way ANOVA and proportions were tested 

using a normal approximation to the binomial.  We used linear regression to determine 

whether adjustment for cystatin C, eGFR or creatinine eliminated the relationship 

between tHcy and FMD or CIMT.  We tested the relationships in univariate models, a 

model containing both tHcy and a marker of renal function and a model adjusted for 

variables strongly associated with the vascular measurements on univariate analysis 
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(age, sex, smoking, systolic blood pressure, high density lipoprotein (HDL) cholesterol, 

arterial lumen diameter (brachial or carotid) ambient laboratory temperature (FMD 

model only) and waist circumference and HBA1c (CIMT model only).  All models were 

adjusted for actual treatment group, as opposed to assigned treatment group. We tested 

the relative strength of the correlations between tHcy, cystatin C, eGFR and creatinine 

and the vascular outcomes with the Hotelling method [417]. Because of the strong 

correlation between tHcy and renal function, we used backwards stepwise regression to 

determine whether tHcy, cystatin C, eGFR or creatinine was an independent predictor of 

FMD or CIMT (=0.05 to remove).  In the initial model we included all variables 

correlated with the vascular measurements with a p-value of less than 0.10.  The 

relationship between cystatin C and tHcy at baseline and follow-up was evaluated by a 

t-test of the linear regression co-efficient for each treatment group.  Minitab (Version 

14.2, Minitab Inc, USA) and SPSS (Version 15.0, SPSS Inc, USA) were used for 

statistical analyses. 
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5.4 Results  

5.4.1 Subject characteristics 

Table 5.01 shows subject characteristics at follow-up. 

 

5.4.2 Blood results at follow-up 

Table 5.02 shows the blood results at follow-up.  After a mean treatment period of 3.9  

0.9 years (range 1.8 to 6.0 years), tHcy was significantly reduced from baseline among 

subjects randomised to vitamins (-2.72.9mol/L, p<0.001) compared with a non-

significant increase from baseline in the placebo group (0.12.8mol/L, p=0.99).   

Serum folic acid, B6 and B12 concentrations were significantly higher in vitamin-treated 

subjects. 

 

5.4.3 Univariate analysis of tHcy, renal function, FMD and CIMT 

The renal function markers were all significantly correlated with tHcy (r=|0.5|, p<0.001) 

and appeared to have a stronger relationship with the vascular measurements than tHcy 

(Table 5.03).   Cystatin C and  eGFR were more strongly correlated with FMD than 

tHcy (t=-2.96, df=169, p<0.005 and t=5.17, df=169, p<0.001 respectively) and the 

strength of the relationship was graded according to the accuracy of the renal function 

marker. Cystatin C had a stronger correlation with FMD than eGFR (t=7.34, df=169, 

p<0.001) and eGFR had a stronger correlation with FMD than creatinine (t=-10.8, 

df=169, p<0.001).   Cystatin C was no better as a predictor of CIMT than tHcy, eGFR 

or creatinine.   RBC folate, serum B6 and serum B12 concentrations were not correlated 

with FMD, CIMT or any marker of renal function. 
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Table 5.01 Subject characteristics at follow-up 

 

Placebo 

n=86 

Vitamins 

n=87 
p 

Characteristics    

Age, years 69 ± 11 68 ± 11 0.83 

Sex, male 61 (71) 65 (75) 0.58 

Treatment period, years 3.9 ± 1.0 4.0 ± 0.9 0.28 

Medications    

Antihypertensive agent 74 (86) 73 (84) 0.69 

Anti-platelet agent
*
 66 (77) 62 (71) 0.41 

Statin 64 (74) 60 (69) 0.43 

Warfarin 14 (16) 15 (17) 0.87 

Diuretic agent 17 (20) 25 (29) 0.17 

NSAID 9 (10) 12 (14) 0.50 

Risk Factors    

Myocardial infarction 14 (16) 17 (20) 0.58 

Ischemic heart disease
†
 15 (17) 23 (26) 0.15 

Diabetes
‡
 22 (26) 19 (22) 0.56 

Current smoker 8 (9) 7 (8) 0.77 

Clinical Data    

BMI, kg/m
2
 29 ± 5 29 ± 5 0.91 

Waist circumference, cm 102 ± 12 102 ± 13 0.84 

Systolic blood pressure, mmHg 145 ± 19 140 ± 17 0.11 

Diastolic blood pressure, mmHg 79 ± 11 78 ± 10 0.57 

eGFR, ml/min/1.73m
2
 79 ± 18 77 ± 24 0.55 

Vascular Outcomes    

CIMT, mm 0.84 ± 0.18 0.84 ± 0.17 0.95 

FMD, % 4.1 ± 3.9 4.6 ± 4.1 0.35 

GTN-mediated vasodilation, % 19 ± 8 20 ± 8 0.61 

Values are mean ± SD or number (%) 

P-values for continuous variables are from a t-test and for proportions, from a binomial approximation to 

the normal 

SD indicates standard deviation; NSAID, non-steroidal anti-inflammatory drug; BMI, body mass index; 

eGFR, estimated glomerular filtration rate; CIMT, carotid intima-medial thickness; FMD, flow-mediated 

dilation GTN, glyceryl trinitrite. 

*
Aspirin, clopidogrel or dipyridamole 

†
History of coronary artery bypass graft, angioplasty or angina 

‡
Type I diabetes, type II diabetes or impaired fasting glycaemia 
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Table 5.02 Blood results at follow-up 

 

 Placebo  Vitamins  
p 

 n=86 n=87 

tHcy, mol/L 11.8 (10.9, 12.7) 8.0 (7.6, 8.5) <0.001 

RBC folate, nmol/L 951 (851,1064) 2543 (2414, 2679) <0.001 

Serum B12, pmol/L 272 (248, 299) 627 (587, 669) <0.001 

Serum B6, nmol/L 33 (30, 37) 117 (113,121) <0.001 

Cystatin C, mg/L 1.04 (0.99, 1.10) 1.09 (1.03, 1.16) 0.25 

Creatinine, mol/L 84 (81, 88) 89 (84, 95) 0.12 

Cholesterol, mmol/L 4.4 (4.2, 4.5) 4.3 (4.1, 4.6) 0.92 

HDL, mmol/L 1.3 (1.2, 1.4) 1.3 (1.2, 1.3) 0.42 

LDL, mmol/L 2.3 (2.1, 2.4) 2.3 (2.2, 2.4) 0.81 

Triglycerides, mmol/L 1.3 (1.2, 1.4) 1.3 (1.1, 1.4) 0.97 

Glucose, mmol/L 5.3 (5.0, 5.5) 5.4 (5.2, 5.7) 0.34 

HbA1c, % 5.6 (5.3, 5.9) 5.8 (5.6, 6.1) 0.22 

Values are geometric mean (95% confidence interval).   

P-values are from one-way ANOVA. 

tHcy indicates total plasma homocysteine concentration; RBC, red blood cell; HDL, high density 

lipoprotein cholesterol; LDL, low density lipoprotein cholesterol; HBA1c, glycated haemoglobin. 

 

 

 

 

Table 5.03 Correlations between FMD, CIMT, tHcy and renal function markers  

 

 FMD CIMT THcy
*
 

 r p r p r p 

CIMT -0.20 <0.01 -  -  

tHcy
*
 -0.15 0.05 0.14 0.07 -  

Cystatin C* -0.37 <0.001 0.29 <0.001 0.50 <0.001 

eGFR 0.26 <0.01 -0.18 <0.05 -0.46 <0.001 

Creatinine* -0.17 <0.05 0.22 <0.01 0.46 <0.001 

r indicates Pearson correlation co-efficient; FMD, flow-mediated dilation; CIMT, carotid intima-medial 

thickness; tHcy, total plasma homocysteine concentration, eGFR, estimated GFR. 

*
Values log-transformed prior to analysis  
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5.4.4 Multivariate analysis of tHcy, renal function, FMD and CIMT 

Table 5.04 shows results from regression analyses with FMD and CIMT as response 

variables.   In univariate models adjusted for actual treatment group (Model 1), cystatin 

C appeared to be a stronger predictor of FMD and CIMT than tHcy, eGFR or creatinine.  

In Model 2, adjusted for cystatin C, the negative association between tHcy and FMD 

was reversed, confirming multicollinearity between the predictors.   In data not shown, 

the association between tHcy and FMD lost significance if the model was adjusted for 

eGFR (=0.46  1.17, p=0.69, adjusted R
2
=6.1%) or creatinine (=-0.30  1.25, p=0.81, 

adjusted R
2
=2.2%).  Homocysteine also lost significance as a predictor of CIMT 

whether adjusted for cystatin C (Table 5.04), eGFR (=0.05  0.05, p=0.31, adjusted 

R
2
=2.1%) or creatinine (=0.03  0.05, p=0.61, adjusted R

2
=3.2%).  In Model 3, 

adjusted for multiple potential confounders, cystatin C was a significant independent 

predictor of FMD but tHcy was not.  In backwards stepwise-regression, cystatin C was a 

significant independent predictor of FMD but tHcy, eGFR and creatinine were not. 

Neither tHcy nor any of the renal function markers independently predicted CIMT in 

Model 3 or in a backwards stepwise-regression model. 
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Table 5.04 FMD and CIMT regression analysis results 

 Model One Model Two Model Three 

 

Coef 

(95% CI) 
p 

R
2
  

% 

Coef 

(95% CI) 
p 

R
2 
 

% 

Coef 

(95% CI) 
p 

R
2
  

% 

 

Flow mediated dilation     

tHcy
*
 -1.7 

(-3.6, 0.3) 

0.10 1.0 2.7 

(0.4, 5.0) 

0.03 16.1 1.3 

(-1.0, 3.6) 

0.27 31.8 

Cystatin C
*
 -6.0 

(-8.2, -3.8) 

<0.001 14.1 -8.1 

(-11.0,-5.3) 

<0.001  -3.9 

(-7.1, -0.8) 

0.02  

eGFR 0.1 

(0.02, 0.08) 

<0.001 6.5 - -  -   

Creatinine
*
 -2.9 

(-5.4, -0.5) 

0.02 2.7 - -  -   

Carotid intima medial thickness 
    

tHcy
*
 0.1 

(0.0, 0.2) 

0.03 1.6 -0.0 

(-0.1, 0.1) 

0.71 6.7 0.0 

(-0.1, 0.1) 

0.66 37.7 

Cystatin C
*
 0.2 

(0.1, 0.3) 

<0.001 7.2 0.2 

(0.1, 0.3) 

<0.01  -0.0 

(-0.2, 0.1) 

0.83  

eGFR -0.00 

(-0.00,-0.00) 

0.02 2.1 - -  - -  

Creatinine
*
 0.2 

(0.05, 0.26) 

<0.01 3.6 - -  - -  

 

Model One is a univariate analysis adjusted for actual treatment group. 

Model Two combines tHcy and cystatin C in the same model, with adjustment for actual treatment group. 

Model Three is adjusted for age, sex, smoking, systolic blood pressure, HDL cholesterol, arterial lumen 

diameter and actual treatment group.  The FMD regression is also adjusted for ambient laboratory 

temperature and the CIMT regression for waist circumference and glycated haemoglobin.  

Coef indicates regression co-efficient; CI, confidence interval; R
2
, adjusted R

2
 value for model 

*
Values log-transformed prior to analysis. 
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Log cystatin C (mg/L)
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5.4.5 Effect of B-vitamins on the relationship between tHcy and cystatin C 

Figure 5.02 shows the relationship between tHcy and cystatin C at baseline and follow-

up in 132 subjects with serum stored prior to randomisation.  The regression lines 

separated significantly at follow-up (regression constant 2.42  0.24 placebo versus 2.02 

 0.33 vitamins; p<0.001) but the gradient of the regression line in the vitamin group 

after treatment (0.67  0.73) was not significantly different from the gradient at baseline 

(0.78  1.05; p=0.49) or in the placebo group after treatment (0.78  1.01; p=0.55).   

 

 

Figure 5.02 Effect of long-term B-vitamin treatment on the relationship between 

plasma homocysteine concentration and cystatin C 
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5.5 Discussion 

Adjustment for renal function, whether assessed by cystatin C, eGFR or creatinine, 

eliminated the relationship between tHcy and vascular risk, assessed by CIMT and 

FMD.   Renal function, as assessed by cystatin C, was an independent predictor of FMD 

and the univariate correlation between renal function and FMD appeared to be graded 

according to the accuracy of the renal marker.   Long-term homocysteine-lowering 

treatment did not alter the strong linear relationship between tHcy and cystatin C. 

 

Previous investigators have reported that elevated tHcy is associated with reduced FMD 

in healthy middle-aged and elderly subjects [152-154].   These studies compared FMD 

in subjects with “high” or “low” tHcy levels without correcting for renal function, so it 

is possible that the groups also had “low” and “high” GFR respectively.   In the two 

studies that reported serum creatinine, the levels were greater in the “high” tHcy group.  

The difference was not significant (79  11mol/L versus 75  17mol/L, p=0.90) in 

one paper[152] and was not reported as significant in the other, although a two-sample 

t-test of the stated values (87.5  8.8mol/L versus 72.5  8.8 mol/L) returns a p-value 

of less than 0.001 [154].   Similar studies in younger adults report that elevated tHcy is 

not associated with impaired FMD, perhaps because factors other than renal impairment 

have more influence on tHcy in this age group [154-157]. 

  

A recent study investigating the relationship between FMD and asymmetrical 

dimethylargine in healthy subjects aged between 24 and 39 years (n=2096) found that 

neither eGFR (estimated using the Cockcroft-Gault equation) nor tHcy were 

independent predictors of FMD after adjustment for multiple cardiovascular risk 

factors.[158]  It is possible that the spread of eGFR and FMD values was too narrow to 

detect a linear relationship between renal insufficiency and endothelial dysfunction in 
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these young healthy subjects.   However, the limitations of creatinine-based equations 

for estimating renal function are well-documented and a more precise estimator may be 

required to detect a relationship between GFR and FMD, particularly if the renal 

impairment is mild.  We found that eGFR did not independently predict FMD in our 

older subjects, while cystatin C did. 

 

The univariate relationship between tHcy and CIMT in our subjects was weak and was 

eliminated by correction for cystatin C, eGFR or creatinine.  Of the large studies that 

have reported a significant association between tHcy and CIMT after adjustment for 

confounding variables,[207, 208, 210, 211] only one adjusted for creatinine and 

reported the relationship was not substantially altered [211].   Other studies have found 

no evidence to support an independent association between tHcy and CIMT [214, 418, 

419]. 

 

Our data indicate that cystatin C is not a significant independent predictor of CIMT.  

Two previous studies have used cystatin C to investigate the relationship between renal 

function and CIMT.  A small cross-sectional Japanese study in 60 hypertensive patients 

found a strong univariate association between cystatin C and CIMT (r=0.5, 

p<0.001).[420]  However, despite reporting close correlations between cystatin C, age 

and systolic blood pressure, variables also strongly associated with CIMT, the authors 

failed to adjust the relationship for these or other confounders.  The second study, 

conducted in a middle-aged population-based cohort from the Seychelles (n=523), 

found that cystatin C was not an independent predictor of CIMT [421]. 
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Our study had a number of strengths that make us confident that the reported 

relationships between tHcy, renal function and the vascular outcomes are reliable.   A 

single observer blinded to treatment allocation measured FMD and CIMT using edge-

detection software, reducing the risk of systematic biases.  We also collected complete 

and detailed follow-up data that allowed us adjust the regression models for important 

potential confounders.  However, the greatest strength of our study was using cystatin C 

to estimate renal function, as we were able to show that the association between renal 

function and vascular risk was graded according to the sensitivity of the renal marker.  

In addition, we were able to detect renal function as an independent predictor of FMD. 

 

5.5.1 Limitations 

Our study also had some potential limitations. Previous investigators have suggested 

that tHcy is a marker for a low B-vitamin intake and that an inadequate nutritional status 

is thus the underlying causal risk factor for atherosclerosis [100, 422]. Very few of our 

subjects had low serum vitamin levels so we were unable to explore this hypothesis.  

However, we found no correlations between RBC folate, serum B6 or serum B12 and the 

vascular measurements suggesting that, in vitamin-replete individuals at least, these 

factors do not strongly influence FMD and CIMT.  We also adjusted the regression 

models for any possible effect of B-vitamin supplementation by including an indicator 

variable for actual treatment group. 

 

Although the design was a randomised intervention trial with two treatment groups, we 

treated the cross-sectional post-treatment data from both groups as a single cohort for 

this regression analysis.  We believe this approach was a reasonable way to address the 

question of whether adjustment for renal function eliminated the relationship between 

tHcy and vascular risk.   B-vitamin treatment did not significantly alter the key 
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variables, FMD, CIMT, creatinine or cystatin C, and the intervention created a wide 

spread of tHcy values without altering the linear relationship between tHcy and GFR (as 

assessed by cystatin C).  

 

As some subjects did not have serum stored at baseline, the impact of B-vitamin 

treatment on the relationship between tHcy and renal function was tested in a sub-group 

(n=132) rather than the whole cohort (n=173).  There were no systematic differences 

between the subjects with and without stored serum, so we have no reason to believe the 

reported null effect would have been different in the full cohort.  We had 80% power 

(=0.05, n=132) to declare an absolute change in the regression co-efficient of 0.37 

statistically significant, compared with 0.31 if baseline data were available for all 173 

subjects. 

 

Our study is the first to report cystatin C as an independent predictor of FMD.  Our data 

is consistent with recent evidence that cystatin C is a sensitive indicator for the presence 

and severity of coronary artery disease and a predictor of vascular events [85, 423]. 

However, we also found that cystatin C was not an independent predictor of CIMT and 

the reason for the discrepancy is not clear. Given the limitations discussed above, the 

relatively small subject numbers and the specificity of regression results to a particular 

data set, it is possible that either the FMD or CIMT regression results are due to chance.  

It is also possible that renal impairment contributes to cardiovascular risk through 

mechanisms that cause functional rather than structural change in vasculature, but this 

hypothesis will need to be tested in future studies. 
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5.6 Conclusions 

We have demonstrated that adjusting for renal function not only eliminates the 

relationship between tHcy and markers of vascular risk in subjects with proven 

cerebrovascular disease, but also that elevated cystatin C, a sensitive indicator of GFR, 

is independently associated with reduced FMD.  Our data are thus consistent with the 

hypothesis that mild renal impairment is an independent risk factor for vascular disease 

and elevated tHcy simply a marker for reduced GFR.  The underlying relationship 

between tHcy and renal function is not altered by long-term B-vitamin supplementation 

and it is possible that, by treating homocysteine, we may be shooting the messenger 

rather than attacking the true risk factor. 

 

 



 

-230- 



 

-231- 

 

 

 

Chapter Six 

 

 

The effect of long-term homocysteine-lowering 

with B-vitamins on arterial wall inflammation as 

assessed by fluorodeoxyglucose positron 

emission tomography:  

A randomised double-blind, placebo-controlled 

trial 



 

-232- 



Chapter Six 

-233- 

6.1 Abstract 

6.1.1 Background 

Homocysteine may promote atherosclerosis by exacerbating inflammatory processes 

within the arterial wall.  B-vitamin supplements reduce total plasma homocysteine 

concentrations (tHcy), but it is not known whether the treatment also reduces arterial 

wall inflammation.   We used 18F-fluorodeoxygluose postitron emission tomography 

(18F-FDG PET) to investigate whether long-term homocysteine-lowering treatment 

alters arterial wall inflammation in people with a history of ischemic stroke. 

 

6.1.2 Methods 

30 stroke patients were randomly assigned to B-vitamin therapy (folic acid 2mg, 

vitamin B6 25mg and vitamin B12 0.5mg) or placebo in a double-blind clinical trial. 

After a mean treatment period of 4.0±0.7 years, all subjects had tHcy, carotid intima-

medial thickness (CIMT) and flow-mediated dilation (FMD) of the brachial artery 

measured and underwent an 18F-FDG PET scan.  Standardised uptake values (SUV) 

were measured at six sites in the carotid, femoral and aortic arteries.  Areas of locally 

increased tracer uptake in the arterial wall (“hot spots”) were also identified and 

counted. 

 

6.1.3 Results 

Long-term B-vitamin treatment significantly reduced tHcy compared with placebo 

(8.4mmol/L, 95%CI 7.2 to 9.6 versus 11.6mmol/L, 95%CI 10.0 to 13.4, p=0.002).  The 

treatment did not affect mean arterial SUV (2.0±0.3 vitamins versus 2.1±0.3 placebo, 

p=0.65) or the number of hot spots (n=1.1 ± 1.0 vitamins versus n=1.2 ± 1.0 placebo, 

p=0.65).  There was no significant correlation between mean arterial SUV and CIMT or 

FMD. 



Chapter Six 

-234- 

 

6.1.4 Conclusions 

These results suggest that long-term homocysteine-lowering with B-vitamins does not 

affect arterial wall inflammation assessed by 18FDG PET. 
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6.2 Introduction 

Atherosclerosis is an inflammatory disease [124]. Some data suggest that elevated 

plasma homocysteine concentrations (tHcy) may promote atherosclerosis by 

exacerbating inflammation within the arterial wall [424, 425].   Supplementation with 

folic acid and vitamin B12 reduces tHcy, even in people who are not overtly vitamin-

deficient [25].  B-vitamin supplements do not alter circulating inflammatory marker 

concentrations, but it is unknown how the treatment affects inflammatory processes 

within the arterial wall [225].   

 

Positron emission tomography (PET) is a nuclear medicine imaging technique that uses 

glucose labelled with a radioactive fluorine isotope (18-fluorodeoxyglucose, 
18

F-FDG) 

to detect metabolically active cells.  
18

F-FDG is injected intravenously and is 

accumulated by cells with a high glucose uptake rate.   
18

F-FDG PET scans are used 

primarily to detect and monitor tumour growth, but the imaging technique is also used 

to identify areas of active inflammation within the arterial wall [426-429].
 18

F-FDG PET 

appears to be a reproducible method for assessing arterial wall inflammation in humans 

and sufficiently sensitive to detect changes in atherosclerotic plaque activity associated 

with cardio-protective interventions [430-432]. 

 

6.2.1 Study aims 

We used 
18

F-FDG PET scans to determine whether long-term homocysteine-lowering 

treatment with B-vitamins would reduce inflammation in the arterial walls of people 

with a history of ischemic stroke.   We also investigated whether the surrogate vascular 

outcomes of carotid intima-medial thickness (CIMT) and flow-mediated dilation (FMD) 

were correlated with 
18

F-FDG uptake in the arterial walls of these subjects. 

 



Chapter Six 

-236- 

6.3 Methods 

6.3.1 Design 

The study was conducted as a cross-sectional sub-study of the VITAmins TO Prevent 

Stroke (VITATOPS) trial, a large, randomised, double-blind, placebo-controlled trial 

designed to test the efficacy of combined B-vitamins in preventing vascular events in 

patients with a history of stroke [320].   VITATOPS subjects were assigned to treatment 

with folic acid 2mg, vitamin B12 0.5mg and vitamin B6 25mg as a single daily tablet or 

an identical placebo within seven months of a stroke or transient ischemic attack. 

 
6.3.2 Participants 

VITATOPS subjects resident in Perth, Western Australia who had been taking the study 

medication for a minimum of two years and agreed to participate in a sub-study 

designed to assess their vascular structure and function were also invited to undergo an 

18
F-FDG PET scan.  Individuals with a history of haemorrhagic stroke or active 

malignancy were excluded.  The first thirty subjects who agreed to participate were 

enrolled in the current study 

  

6.3.3 Data collection at >2 years post-randomisation 

Age, gender, details of the primary event, medications, cardiovascular risk factors and 

smoking history were recorded and blood pressure, height, weight, waist and hip girth 

and CIMT and FMD were measured at least two years after randomisation.  A fasting 

blood sample was collected to assess tHcy, red blood cell (RBC) folate, serum B6 and 

B12, high sensivity C-reactive protein (HS-CRP), total cholesterol, high- and low-

density lipoprotein (HDL and LDL) cholesterol, triglycerides, creatinine and glucose.  

The data and blood samples were collected approximately one month prior to the 
18

F-

FDG PET scan. 
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6.3.4 18F-FDG PET protocol 

18
F-FDG PET was performed using a standard whole body imaging protocol on a 

Philips Allegro GSO scanner (Philips Medical Systems, USA).  This camera utilises 3D 

acquisition, Caesium-137 attenuation correction, has an axial field of view of 18 cm and 

a reconstructed resolution of 4.8mm. The patients fasted for 6 hours prior to injection 

and blood glucose concentration was checked to ensure it was below 10 mmol/L.  370 

MBq of 
18

F-FDG, adjusted for patient body surface area, was injected intravenously and 

the subjects were required to rest for 60 minutes before the scan was performed.  Whole 

body scans were performed from the base of skull to proximal thighs with attenuation 

correction.    Attenuation correction was performed using Cs-137 rotating source and 

images were reconstructed using RAMLA 2D with 3D attenuation correction. 

Transaxial images were reformatted into coronal, sagittal and volume rendered 

projections.  The total scanning time averaged 40 to 50 minutes.  The radiation dose 

received was approximately 8mSv per subject. 

 

6.3.5 Assessment of arterial inflammation by standardised uptake value 

We measured standardised uptake value (SUV) corrected for body weight at six pre-

specified sites, using anatomical landmarks identifiable on all 
18

F-FDG PET images 

(Figure 6.01).  The SUV is a decay-corrected tissue concentration of 
18

F-FDG (in 

kBq/g), adjusted for injected 
18

F-FDG dose and body weight and is a well-recognised 

method for quantification of 
18

F-FDG PET data [433].  We measured SUV in the left 

and right common carotid arteries at the apex of the lung fields, in the arch of the 

thoracic aorta, in the abdominal aorta at the level of the first lumbar vertebra and in the 

left and right femoral arteries at the level of the greater trochanter.  We selected the 

cross-sectional slice containing these landmarks and drew a circular ROI around the 

artery. We recorded the maximum SUV in the selected ROI and the arterial 
18

F-FDG 

uptake for each subject was calculated as the average of these six maximum values.  We 
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Left and right femoral 

arteries

Left and right common 

carotid arteries

Thoracic and 

abdominal aorta

Left and right femoral 

arteries

Left and right common 

carotid arteries

Thoracic and 

abdominal aorta

used the maximum rather than mean SUV, as the maximum value was generated within 

the arterial wall whereas mean SUV was influenced by background 
18

F-FDG uptake by 

non-vascular tissue in the ROI.   For simplicity we have identified this value in the rest 

of the paper as mean arterial SUV rather than the more strictly correct mean maximum 

arterial SUV.  We also identified and counted discrete regions of increased 
18

F-FDG-

uptake (“hot spots”) in the major vessels (carotids, aorta and femorals).  A hot spot was 

defined as a discrete region with an SUV greater than a pre-specified cut-off value of 

2.5.  Background activity in these subjects was in the order of SUV 1.0-1.5. 

 

 

Figure 6.01 Typical 18FDG PET image showing the six SUV measurement sites 
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6.3.6 Assessment of CIMT and FMD 

CIMT and FMD were measured using techniques described in Chapter Four [4]. 

Briefly, the subject lay supine on a flat examination couch in a quiet laboratory and B-

mode ultrasound images were recorded using a 10 MHz multi-frequency linear array 

probe attached to a high-resolution ultrasound (Acuson Aspen, Mountain View, 

California).  Digital images of the right and left common carotid arteries immediately 

proximal to the bifurcation were obtained from posterior, lateral and anterior angles.  

CIMT was measured off-line using edge-tracking software.  The final CIMT values for 

each subject were calculated as the mean of six measurements.   

 

FMD was measured in the left arm except in subjects with a left hemiplegia (n=18).  B-

mode images of the brachial artery were obtained and recorded continuously for one 

minute to assess baseline arterial diameter.  A rapid inflation/deflation pneumatic cuff 

placed around the forearm was inflated to 250mmHg for five minutes.  Post cuff-

deflation images were recorded continuously for two minutes to capture peak arterial 

dilation.  When fifteen minutes had elapsed, a second scan was recorded to re-establish 

baseline diameter.  400mg of sub-lingual glyeryl trinitrite (GTN) was administered to 

the subject and images were recorded for eight minutes.  FMD and GTN-mediated 

dilation were measured off-line using edge-detection software. All measurements were 

performed by a single observer blinded to treatment status. 

 

6.3.7 Statistical analysis 

Two-sample t-tests were used to compare normally distributed variables in the two 

groups and log-normal variables were log-transformed and compared by one-way 

ANOVA.   Univariate relationships between mean arterial SUV and tHcy, CIMT and 

FMD were assessed with Pearson correlation co-efficients.  We used linear regression 

models to determine whether tHcy, CIMT or FMD were significant predictors of mean 
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arterial SUV after adjustment for age, sex, body mass index and treatment group.  The 

distribution of hot spots was compared with a chi-square test.  Values are presented as 

mean ± SD or geometric mean (95% CI).  Post-hoc calculations showed that we had 

adequate power (=0.05, =0.80) to detect a 15% between-group difference (absolute 

value of 0.34) in the mean arterial SUV.  

 

The study protocol was approved by the Research Ethics Committee of Royal Perth 

Hospital. All subjects gave written informed consent.  The Western Australian 

Radiological Council approved the radioactive dose administered to subjects in this 

study. 
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6.4 Results 

Data from two vitamin-treated subjects were discarded because a previously 

undiagnosed occult malignancy was detected on their 
18

F-FDG PET images.   

 

6.4.1 Subject characteristics  

Table 6.01 displays the characteristics of subjects at >2 years post-randomisation.  After 

a mean treatment period of 4.0 ± 0.7 years, tHcy was significantly lower in the vitamin 

group than the placebo group (8.4mol/L, 95% CI 7.2-9.6mol/L versus 11.6mol/L, 

95% CI 10.0-13.4mol/L; p=0.002) and B-vitamin concentrations were higher.   There 

were no other clearly significant differences between the two groups. 

 

6.4.2 Relationship between mean arterial SUV and tHcy 

There was no difference in mean arterial SUV between groups (2.01  0.31 vitamins 

versus 2.12  0.29 placebo; p=0.65, Figure 6.02A). There was no univariate correlation 

between post-treatment tHcy and mean arterial SUV (r=0.13; p=0.50, Figure 6.02B) and 

nor was tHcy significantly associated with mean arterial SUV after adjustment for 

potential confounders (Table 6.02).  There was no difference in the average number 

(n=1.1  1.0 vitamins versus n=1.2  1.0 placebo; p=0.65), the frequency (
2
=0.65, 

df=3; p=0.89) or mean intensity of arterial hot spots (SUV of 2.95  0.36 vitamins 

versus 3.00  0.34 placebo; p=0.76). 

 

Table 6.01 Subject characteristics at follow-up 

Subject Characteristics 
Placebo 

n=13 

Vitamins 

n=15 
p 

Sex, male 10 (77) 11 (73) 0.83 

Age at follow-up, years 67  10 73  7 0.06 

Treatment period, years 4.1  0.7 3.9  0.8 0.49 
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Subject Characteristics 
Placebo 

n=13 

Vitamins 

n=15 
p 

Medications    

Antiplatelet agent 10 (77) 10 (67) 0.69 

Antihypertensive agent 11 (85) 13 (87) 0.88 

Statin 9 (69) 12 (80) 0.67 

NSAID 2 (15) 4 (27) 0.66 

Cardiovascular risk factors    

Systolic BP, mmHg 145  17 138  14 0.25 

Diastolic BP, mmHg 85  7 78  12 0.06 

Body mass index, kg/m2 31  4 28  4 0.13 

Waist/hip ratio 0.94  0.05 0.90  0.07 0.07 

Current smoker 2 (15) 1 (7) 0.58 

Ever smoked 9 (69) 12 (80) 0.51 

Diabetic (including pre-diabetes) 4 (31) 4 (27) 0.81 

Alcohol intake, g/day 10.8 (5.9, 19.5) 10.8 (4.3, 27.0) 0.99 

eGFR, ml/min/1.73m2 79  15 75  19 0.51 

Blood results    

Homocysteine, umol/L 11.6 (10.0, 13.4) 8.4 (7.2, 9.6) 0.002 

Serum pyridoxine, nmol/L 40  (29, 55) 120 (120, 120) <0.001 

Serum cobalamin, pmol/L 254 (188, 342) 614 (512, 736) <0.001 

Red blood cell folate, nmol/L 771 (580, 1026) 2662 (2373, 2987) <0.001 

Total cholesterol 4.3 (4.0, 4.6) 4.3 (3.8, 5.0) 0.84 

Fasting glucose 5.4 (4.8, 6.0) 5.3 (4.7, 5.9) 0.81 

Cystatin C, mg/L 1.04  0.20 1.11  0.25 0.40 

High sensitivity CRP, mg/L 2.56  2.05 2.59  1.76 0.97 

Values are n (%), arithmetic mean  SD or geometric mean (95% confidence interval). 

P-values for continuous variables are from a t-test or one-way ANOVA and for proportions from a 

binomial approximation to the normal 

NSAID indicates non-steroidal anti-inflammatory drug; BP, blood pressure; eGFR, estimated glomerular 

filtration rate (calculated using the Modification of Diet in Renal Disease equation)[407]; CRP, c-reactive 

protein. 
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Figure 6.02 Relationship between mean arterial SUV and tHcy, CIMT, FMD systolic 

blood pressure and high-sensitivity CRP in placebo and vitamin groups 
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6.4.3 Relationship between SUV, CIMT and FMD 

There was no significant univariate correlation between mean arterial SUV and CIMT 

(r=0.11, p=0.57, Figure 6.02C) or SUV and FMD (r=0.07, p=0.71, Figure 6.02D). There 

was also no significant univariate correlation between left CIMT and left carotid SUV 

or right CIMT and right carotid SUV or mean CIMT and mean carotid SUV.  Neither 

CIMT nor FMD were independently associated with mean arterial SUV after 

adjustment for potential confounders (Table 6.02).   Mean arterial SUV was 

significantly correlated with mean systolic blood pressure (r=0.46, p=0.01, Figure 2E) 

and HS-CRP (r=0.41, p=0.04, Figure 6.02F), but these associations lost significance 

after correction for age, gender, BMI and treatment group 

 

Table 6.02 Regression results for predictors of mean arterial SUV 

Variable Co-efficient 95% CI p Adjusted R
2
 

tHcy -0.13 -0.49, 0.23 0.48 52.0% 

FMD -0.01 -0.03, 0.02 0.65 51.3% 

CIMT 0.01 -0.67, 0.69 0.98 50.8% 

Each model adjusted for sex, age, body mass index and treatment group. 
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6.5 Discussion 

This is the first study to use 
18

F-FDG PET to investigate the relationship between 

homocysteine and inflammation within the arterial wall. Our results show that, despite 

significantly reducing tHcy, long-term B-vitamin treatment did not alter arterial wall 

inflammation in subjects with a history of ischemic stroke.   We found no correlation 

between arterial wall uptake of 
18

F-FDG and the surrogate vascular outcomes of CIMT 

and brachial artery FMD. 

 

18
F-FDG PET is a relatively novel technique in atherosclerosis research.  The best 

method for assessing vascular 
18

F-FDG PET uptake and the size of a clinically relevant 

change in arterial wall inflammation have not been clearly established.  Recent studies 

suggest that active symptomatic plaque has a 50% to 150% increase in SUV over 

background arterial activity [434, 435].  Cholesterol-lowering treatment appears to 

reduce 
18

F-FDG-uptake in active plaque by up to 40%, indicating the approximate 

magnitude of change that might be considered of prognostic significance [431, 432].  

 

6.5.1 Limitations 

We did not record 
18

F-FDG PET scans in our subjects at baseline and were thus unable 

to measure treatment-associated change in the tracer uptake of specific areas of active 

plaque.  Instead, we compared mean vascular 
18

F-FDG-uptake and the number of 

vascular hot spots after a prolonged treatment period, assuming that the randomisation 

process would have ensured similar levels of mean arterial wall inflammation in both 

groups at baseline.  We had adequate power to detect a post-treatment between-group 

difference of 15% in the mean arterial SUV.  Our failure to detect any between-group 

difference in either the mean arterial SUV or the number or mean intensity of specific 

areas of high 
18

F-FDG-uptake suggests that long-term B-vitamin supplementation does 
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not alter arterial wall inflammation to any clinically relevant degree.  This result is 

consistent with evidence that lowering tHcy does not alter the levels of circulating 

inflammatory markers [225, 232, 281, 283, 286, 288].   

 

By chance, the subjects randomised to active treatment were substantially older than 

those randomised to placebo at the time the PET scans were recorded (Table 6.01).  As 

other studies have shown that age is a strong predictor of arterial 
18

F-FDG uptake [436],  

it is possible that the age disparity between the two groups may have masked any 

positive treatment effect.  It is also possible that our working hypothesis is incorrect and 

the apparent relationship between homocysteine and atherosclerotic disease is not 

mediated through inflammatory processes [5]. 

 

We also found no significant correlation between mean arterial 
18

F-FDG uptake in our 

subjects and their CIMT or brachial artery FMD.  The latter ultrasound measurements 

are generally considered surrogate markers for vascular risk [191, 395].   The lack of 

association between CIMT and FMD and mean arterial SUV could mean that our 

method of assessing arterial wall inflammation is insensitive.  Our PET images were not 

co-registered with CT or MRI data, so our ability to correctly identify the arterial wall 

may have been compromised in some subjects.   In addition, we measured maximum 

SUV on only one slice per artery, which may have increased variability in the 

measurement.  A recently published validation study suggests that a mean target-to-

background ratio (SUV normalised to blood 
18

F-FDG activity) should be measured 

across a substantial portion of the artery to test the effect of interventions aimed at 

reducing arterial inflammation [437].  
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A further weakness in our study design is that the 
18

F-FDG PET images were acquired 

approximately one month after FMD and CIMT were measured.  Although CIMT might 

be expected to remain stable over this period, FMD shows a significant degree of 

biological variation [306].  It is possible that delay in acquiring the PET images reduced 

our chances of finding a significant correlation between FMD and mean arterial SUV.  

However, despite these potential limitations two independent risk factors for active 

atherosclerosis, systolic blood pressure and high-sensitivity CRP [438-440], showed 

significant univariate correlations with mean arterial 
18

F-FDG-uptake in our subjects.  

The lack of association between arterial 
18

F-FDG-uptake and FMD or CIMT in our 

subjects may thus indicate that these ultrasound measurements are relatively insensitive 

markers for active vascular inflammation. 

 

6.6 Conclusions 

Our results suggest that long-term homocysteine-lowering treatment with B-vitamins 

does not significantly affect inflammation within the arterial wall as assessed by 
18

F-

FDG PET.  In addition, there is no significant correlation between FMD or CIMT and 

mean arterial 
18

F-FDG uptake in subjects with a history of ischemic stroke. 
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7.1 Summary 

The data reported in this thesis do not support the hypothesis that homocysteine-

lowering treatment with B-vitamins improves vascular structure or function.   Our 

finding that long-term B-vitamin treatment did not improve carotid intima-medial 

thickness, flow-mediated dilation or arterial wall inflammation in people with a history 

of stroke is consistent with evidence from large randomised trials that lowering tHcy 

does not prevent atherothrombotic events in people with existing atherosclerotic 

disease.  Our results are consistent with the alternate hypothesis that moderately 

elevated tHcy is a risk marker rather than a modifiable causal risk factor for 

cardiovascular disease. 
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7.2 Discussion 

The observation that individuals with severely elevated tHcy develop premature arterial 

lesions has inspired almost four decades of research on the possible links between 

homocysteine and atherosclerosis.   Figure 7.01 shows the explosion of papers on this 

subject in the last fifteen years and the beginning of a probable slump in publications 

following reports of negative results from two large homocysteine-lowering trials in 

2006.   Although the clinical question as to whether lowering tHcy prevents 

atherothrombotic events is close to resolution, the scientific puzzle regarding the nature 

of the relationship between homocysteine and vascular risk remains largely unsolved.    

 

 

 

Figure 7.01 Number of publications related to the subject of homocysteine and 

cardiovascular disease indexed in Medline from January 1950 to end of October 2008  
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That there is an association between elevated tHcy and vascular risk is uncontroversial.  

Epidemiological data show a strong, consistent, dose-response relationship between 

plasma homocysteine concentration and the risk of an atherothrombotic event [11].   

Genetic data confirm the association and support elevated tHcy as a cause of 

atherosclerosis [114].   Experimental data indicate not only that acute elevations in tHcy 

cause endothelial dysfunction, a key early step in atherogenesis, but also that lowering 

homocysteine with B-vitamins improves endothelium-dependent vasodilation [4, 160, 

161, 409].   Although not reviewed in this thesis, many studies have reported plausible 

mechanisms by which elevated tHcy might contribute to atherogenesis and thrombosis 

[441, 442].  Why then have clinical trials failed to detect any reduction in vascular 

events or mortality after homocysteine-lowering treatment? 

 

A careful analysis of the epidemiological and experimental data, presented in Chapter 

One of this thesis, raises questions about the strength, consistency and reliability of the 

evidence for homocysteine as a modifiable causal cardiovascular risk factor.   The 

association between homocysteine and atherothrombotic events is stronger in 

retrospective than prospective studies, indicating that elevated tHcy is more likely to be 

a consequence of existing disease than a cause of atherogenesis [78, 79].   The 

relationship between the MTHFR C677T polymorphism and vascular risk is only 

significant in studies from Asia and the Middle East and not in European or North 

American populations, suggesting either an interaction with environmental factors, 

linkage disequilibrium or a publication bias [117].   In addition to its role in 

homocysteine metabolism, the MTHFR enzyme is active in pathways affecting DNA 

methylation and nucleotide synthesis [443, 444].   Assuming that the polymorphism 

does contribute to increased vascular risk, the mechanism may be independent of its 

effect on tHcy.   The association between homozygosity for the mutant T allele and 
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vascular risk is also stronger in retrospective than prospective studies, a result that only 

makes sense if the mutation also confers some type of survival advantage [109]. 

 

Experimental evidence that acutely elevated tHcy impairs endothelium-dependent 

vasodilation in healthy young subjects appears to support a causal role for homocysteine 

in atherogenesis [160, 161].  The failure of some investigators to replicate these results 

in older subjects may simply reflect a less reactive endothelium in the elderly [163, 

168].  However, the majority of Mendelian randomisation data do not support long-term 

exposure to elevated tHcy as a cause of impaired FMD or increased CIMT and the 

experimental data also suggest that the endothelium has some capacity to adapt to 

acutely elevated plasma homocysteine concentrations [170-172, 209, 221]. 

 

The definitive test for causality is to determine whether lowering tHcy improves 

vascular outcomes.   Many investigators have tested the effect of B-vitamin treatment 

on the surrogate outcomes of endothelium-dependent vasodilation, circulating markers 

of endothelial activation and CIMT.   Their results have been inconsistent.  

Approximately half of the studies reporting endothelium-dependent vasodilation as an 

outcome found that homocysteine-lowering treatment improved endothelial function.  

However, 100% of the randomised trials and almost 80% of all studies assessing 

circulating markers of endothelial activation, inflammation and thrombosis found no 

improvement in these outcomes.   Similarly the majority of studies, including the 

current study, found no significant improvement in CIMT after long-term 

homocysteine-lowering treatment. 

 

These inconsistencies may be due to the fact that FMD, the circulating markers of 

endothelial activation and CIMT each measure different aspects of vascular health 
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[316].  It is also possible that folic acid supplementation improves endothelium-

dependent vasodilation by mechanisms that are independent of its effect on tHcy [266, 

307].   However, systematic differences between positive and negative studies point to a 

possible publication bias, in that positive studies were shorter, smaller and more likely 

to have a weak design than negative studies.  More controversially, these differences 

might also point to unconscious or conscious manipulation of study design or data by 

investigators [81]. 

 

Data presented in Chapters Two and Three of this thesis indicate that factors other than 

biological parameters strongly influence arterial lumen and wall thickness 

measurements.   Errors introduced during recording of ultrasound images and the 

measurement of arterial lumen and wall thickness on recorded images cause differences 

in measured FMD and CIMT as large and significant as the changes attributed to 

therapeutic interventions [2, 3].   Despite claims to the contrary, image analysis software 

systems do not produce measurements that are observer-independent.   Unless 

ultrasound images are recorded according to strict protocols and all arterial 

measurements and data analysis are blind, FMD and CIMT measurements are 

potentially vulnerable to unconscious or conscious manipulation by investigators. 

 

The strongest argument against elevated tHcy as a cause of atherothrombotic disease is 

the failure of large clinical trials to demonstrate any significant improvement in hard 

vascular endpoints after long-term homocysteine-lowering treatment with B-vitamins.   

We have suggested that the reason for this failure is because elevated tHcy is a risk 

marker rather than a causal risk factor for vascular disease.   However, several other 

reasons for the apparent lack of benefit have been suggested.   Trials may have been 

under-powered to detect a treatment effect due to an over-estimation of the expected 
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benefit and/or a reduction in the efficacy of the intervention due to the introduction of 

mandatory folic acid fortification during the study period in some countries [334, 445].  

The vitamin B12 dose may have been too low in some studies for the folic acid treatment 

to be of benefit [446].  B-vitamins supplementation may have negative effects on the 

vasculature that counteract any benefits associated with a lower tHcy [335]. 

 

While a pre-planned meta-analysis of data from all trials including several that have not 

yet reported their results will address some of these caveats, it is difficult to continue to 

argue convincingly for homocysteine as a modifiable cause of cardiovascular disease on 

the basis of available evidence.   However, important questions about the nature of the 

relationship between elevated tHcy and cardiovascular disease remain unanswered.  If 

elevated tHcy is a risk marker rather than a cause of atherosclerosis, what exactly is it a 

marker of? 

 

Many of the known risk factors for atherosclerosis, such as increased age, male sex, 

renal impairment, diabetes, smoking, a low dietary intake of folate and physical 

inactivity, are also associated with an elevated plasma homocysteine concentration.   

Adequate adjustment for these confounders in observational data attenuates the 

relationship between homocysteine and vascular risk, indicating the association is not 

independent of these variables and that elevated tHcy is a marker of total risk burden. 

However, the mechanisms by which many of these factors cause atherosclerosis are 

unknown and it is also possible that their contribution to vascular risk is partially 

mediated through their effect on tHcy.  Negative results from the large homocysteine-

lowering trials tend to argue against this hypothesis. 
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Some investigators have hypothesized that elevated tHcy is a marker for B-vitamin 

deficiency and that a low dietary intake of folate, B6 or B12 is the underlying risk factor 

for vascular disease.   Many prospective trials have reported an association between low 

plasma folate or B-vitamin concentrations and increased vascular risk and some have 

found that the association withstands adjustment for homocysteine and other 

confounders [98, 447, 448].  However, most trials have reported that the relationship is 

abolished by adjustment for known cardiovascular risk factors [97, 449-452].  It is 

likely that a low folate and B-vitamin intake serves as a proxy indicator for a host of 

other factors that increase vascular risk [453]. 

 

In individuals with an adequate B-vitamin intake, glomerular filtration rate (GFR) is the 

strongest determinant of tHcy [43].  Recent evidence that small reductions in GFR 

increase cardiovascular risk more significantly than previously appreciated suggest that 

elevated tHcy may be a marker for sub-clinical renal impairment [48, 85, 414, 454].  

Data presented in Chapter Five of this thesis show that cystatin C, a sensitive marker of 

GFR, is more strongly associated with CIMT and FMD than tHcy [5].  Adjustment for 

cystatin C eliminates the relationship between tHcy and these markers of vascular 

structure and function.   Most observational studies have overlooked renal function as a 

confounder in the association between homocysteine and atherosclerosis.   The few 

investigators who have adjusted the relationship for renal function have used creatinine, 

a relatively insensitive marker for renal insufficiency.   It is possible therefore, that the 

significance of the association between tHcy and vascular risk in many observational 

data is a result of residual confounding due to inadequate adjustment for renal function. 

 

Elevated plasma tHcy may also be a marker for the derangement of important 

intracellular metabolic processes implicated in the pathogenesis of atherosclerosis.   
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Homocysteine is a branch-point intermediate in the metabolic pathway that generates 

methyl groups for all biological methylation reactions.   Methylation demand plays a 

significant role in the regulation of homocysteine formation and its export to the 

extracellular space [455].  Methylation of cytosine residues in CpG rich islands in 

promoter regions is an important epigenetic mechanism for regulating gene expression.  

Emerging evidence suggests that such epigenetic changes play a role in atherogenesis 

and that alterations in DNA methylation patterns precede the development of 

atherosclerotic lesions [456-460].   It is possible, therefore, that an elevated plasma tHcy 

signals a change in methylation activity in endothelial or smooth muscle cells within the 

arterial wall. 

 

7.3 Conclusions 

The data presented in this thesis add to recent evidence that that long-term 

homocysteine-lowering treatment with B-vitamins does not reduce vascular risk in 

people with existing atherosclerotic disease.  Our results support the hypothesis that 

homocysteine is a risk marker for vascular disease rather than a modifiable causal risk 

factor.   While clinical questions about the therapeutic effect of treating elevated tHcy 

are close to resolution, it would be premature to close the book on homocysteine.   

Many scientific questions regarding the nature of the relationship between elevated 

tHcy and cardiovascular disease remain unanswered.  Solving these puzzles may yet 

lead us to mechanisms responsible for the pathogenesis of atherosclerosis. 
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Appendix A Subject information sheet for CIMT validation study 

 

Information Sheet:  Validation Study for IMT Analysis Software 
 
 
Investigators 
Professor Leonard Arnolda  Department of Cardiology  (RPH) 
Dr Danny Green   School of Human Movement (UWA) 
Dr Kathleen Potter   School of Medicine (UWA) 
Professor Gerald Watts   School of Medicine (UWA) 
Dr Richard Woodman  School of Medicine (UWA) 
Dr Brendan McQuillan  Department of Medicine (SCGH) 
 
 
Background 
The thickness of the inner wall of the carotid artery (called the intima-medial thickness 

or IMT) is thought to be related to the risk of cardiovascular disease.  A person with a 

high IMT (or a thick artery wall) has a higher risk of experiencing a heart attack or a 

stroke than a person with a low IMT (or a thin artery wall).  In the past, carotid IMT has 

been measured in an individual by taking an ultrasound scan of the artery and 

measuring the thickness of the wall by placing calipers on the image and recording the 

distance between them.  This way of calculating IMT is very dependent on which image 

is chosen for measurement and where the observer chooses to place the calipers.  It is 

difficult to repeat the measurement with much accuracy and causes a great deal of 

variation in the estimation of IMT.   Our research group had developed a software 

package that automates the measurement of IMT and theoretically makes the 

measurement much less dependent on the observer.    We would like to test the software 

to show that it reduces the variation in IMT measurements and also that it reduces 

observer dependence compared to traditional methods of IMT measurement. 

 
 
What do I need to do? 
If you decide to participate in this study you will be asked to attend Royal Perth 
Hospital for about an hour on two separate occasions approximately a week 
apart.   The appointments can be arranged at a time that is convenient to you.  
When you arrive at the research laboratory, your height and weight will be 
recorded and your blood pressure will be taken.  You will be asked to lie down 



Appendix A 

-326- 

on an examination couch and three ECG leads will be placed on your chest so 
that an ECG trace can be recorded during the scan.  You will not need to 
undress for the scan.  Some ultrasound jelly will be placed on your neck, over 
the carotid artery.  Both your left and right carotid arteries will be scanned, which 
will take approximately 20 to 30 minutes.  The same procedure will then be 
repeated by a second person.  The ultrasound scan is painless and non-
invasive, and has no known risks or side-effects. The images from both scans 
will be recorded on video and also in digital form for later analysis with the 
software. The entire appointment should take less than one hour, and you will 
be asked to return for the same procedure at the same time the following week.  
 
 
What are the risks to me? 
There is no direct risk to you from having an ultrasound scan of your carotid 
arteries as the procedure is non-invasive and painless.  However, there is a 
possibility that the scan may show that you have something called a carotid 
plaque.  This is a localised thickening of the artery wall which can be associated 
with the early stages of atherosclerosis (hardening of the arteries).  The plaque 
itself is not dangerous to you and is found relatively frequently in people over 55 
years of age.  If you are found to have a carotid plaque on the ultrasound scan, 
we will inform you of this and also send a letter to your own doctor.  There is no 
treatment required for the plaque, but your doctor may wish to monitor other risk 
factors for cardiovascular disease such as your blood pressure and cholesterol 
levels. 
 
Another condition which may also be detected by the ultrasound scan is called a 
carotid stenosis, which is a narrowing of the artery.  This is much less common 
than carotid plaque and is also a more difficult condition to detect and accurately 
assess.  If the scan indicates that you may have a carotid stenosis of greater 
than 60%, we will inform your own doctor about it and he/she will follow up with 
any further investigations or treatment as appropriate.  The probability of you 
having this condition is very small.  However, if you do have a carotid stenosis, it 
is beneficial to find out about it early, as it can then be monitored and you can 
have treatment for it if necessary. 
 
What happens to the information? 
Your scans will be analysed by three different observers who will be blinded to 
your identity and to the identity of the scanner.  This is so we can test how 
reliable our software is when used by different observers.  Your details will be 
recorded separately from the scan and used later in the statistical analysis of 

the results.  Any information that you give will be kept confidential and will 
be used only in statistical reports, in which you will not be identifiable.  
 
What if something goes wrong? 
In the event that you suffer an adverse event or a medical accident during this 
study that arises from your participation in the study, you will be offered all full 
and necessary treatment by Royal Perth Hospital.  The Ethics Committee has 
approved this study on the basis (amongst others) that the reported risk of such 
an event is either small or acceptable in terms of the risk you face as a result of 
your current illness or the benefit that is possible with the new treatment being 
tested.  No provisions have been made in this trial to offer trial subjects who 
suffer an adverse reaction monetary compensation, but the absence of such a 



Appendix A 

-327- 

provision does not remove your rights to seek compensation under common 
law. 
 
If at any time you wish to withdraw from the study, you may do so without 
affecting any future care at RPH.  You will not be personally identified in any 
publications which may result from this study and any information obtained 
during the study will be treated as confidential.   This research project has been 
approved by the Ethics Committee at Royal Perth Hospital.  Further information 
may be obtained from the Chief Investigator (Dr Kathleen Potter, 9224 2681) or 
from Clinical Professor J A Millar, Chairman of the Ethics Committee, telephone 
(08) 9224 2244 
 
Consenting to the study. 
If after reading this information sheet you are interested in participating in this 
study, you should now sign the consent form below.   If you have any questions 
about the study, please feel free to contact Kathleen Potter on 9224 2681. 
 
Thank you for considering participating in this study. 
 
 
 
 
Consent to Participation in a Study to Validate IMT Analysis Software 
 
I, .....................................................................………… agree to participate in 
the above study.  I have read and understood the Study Information and I have 
been given a copy of it.  I have been given the opportunity to ask questions 
about the study.  I understand that I may withdraw from the study at any time 
without affecting my future medical treatment. 
 
 
Signed........................................................................................    
 
Date........................... 
 
 
Signature of Investigator.............................................................    
 
Date......................... 
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Appendix B Data sheet for CIMT software validation study 

 

Operator One 

Scan ID:  Scan Number:  

Last Name:  First Name:  

Date of Birth:  Gender:   Male      Female 

Subject ID:    

Operator:    KP          RW  Tape Number:  

Tape Start:  Tape Finish:  

 

Study Date:  Study Time:  

Smoker: Yes          No Hypertension: Yes          No 

Cholesterol: Yes          No Diabetes: Yes          No 

History of CVD: Yes          No Family History: Yes          No 

Height:  Weight:  

Blood Pressure:       

 

Operator Two 

Scan ID:  Scan Number:  

Operator:    KP         RW Study Time:  

Tape Start:  Tape Finish:  

 

 

 

Notes: 
Smoker:   Current smoker of more than 1 cigarette/day or quit less than one week prior to study. 

Hypertension: Current treatment for hypertension or recorded blood pressure of greater than 

140mmHg systolic or 90mmHg diastolic. 

Cholesterol: Current treatment for hypercholesterolemia or recent fasting cholesterol greater than 

6.5mmol/L. 

Diabetes: Current treatment for diabetes including insulin and/or oral hypoglycaemic agents. 

History of CVD: Personal history of myocardial infarction, CABG, angioplasty, stroke or current anti-

anginal therapy.  

Family History: Male parent or sibling with MI, CVA, CABG or angioplasty at less than 55 years or 

female parent or sibling at less than 65 years.
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Appendix C Effect of time in water bath on agar phantom dimensions 

Figure 1 Wall thickness of phantom A measured over four hours in a water bath 

 

 

 

 

 

 

 

 

 

 

 

 

 

thickness of 0.54mm  Phantom A has an estimated wall 

0.01mm 

Data points are the mean of measurements made on approximately 100 image frames 

Error bars show standard deviation 

 
 
 
Figure 2 Lumen diameter of phantom A measured over four hours in a water bath 

 

 

 

 
 

 
 

 

 
 

 

Phantom A has an estimated lumen diameter of 4.98mm  0.01mm 

Data points are the mean of measurements made on approximately 100 image frames 

Error bars show standard deviation 
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Figure 3 Wall thickness of phantom artery C measured over two hours in a water 

bath 

 

 

 

 

 

 

 

 

 

 

Phantom C has an estimated wall thickness of 1.56mm  0.01mm 

Data points are the mean of measurements made on approximately 50 image frames 

Error bars show standard deviation 

 
 
Figure 4 Lumen diameter of phantom C measured over two hours in a water bath 
 

 

 

 

 

 

 

 

 

 

 

 

Phantom C has an estimated lumen diameter of 4.98mm  0.01mm 

Data points are the mean of measurements made on approximately 50 image frames 

Error bars show standard deviation 
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Appendix D Effect of insonation angle on agar phantom dimensions 

 

Figure 1  Representation of how different angles of insonation affect wall 

thickness measurements if the male part of the mold is off-centre during construction of 

the phantom artery 

 

 

 

 

 

 

 

 

Figure 2 Actual wall thickness measurements from five separate scans of phantom 

artery C taken from the four angles of insonation illustrated in Figure 1. 

 

 

 

 

 

 

 

Phantom C has an estimated wall thickness of 1.56mm  0.01mm 

Data points are the mean of measurements made on approximately 50 image frames 

Error bars show standard deviation.  If not visible they are contained within the icon 
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Figure 3 Actual lumen diameter measurements from five separate scans of 

phantom artery C taken from the four angles of insonation illustrated in Figure 1 

 

Phantom C has an estimated lumen diameter of 4.98mm  0.01mm 

Data points are the mean of measurements made on approximately 50 image frames 

Error bars show standard deviation.  If not visible they are contained within the icon 
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Appendix E Recruitment letter for VITATOPS sub-study 

 

 

 

 

Subject name 

Subject address 

 

 

 

Date 

 

 

 

Dear ……………………., 

 

 

The VITATOPS research group is undertaking a project to investigate how vitamins affect the 

health of blood vessels in people who have had a stroke.  I would like to invite you to be 

involved. 

 

If you agree to participate, you will need to attend an appointment at Royal Perth Hospital.  

Transport and parking costs can be reimbursed.  The tests we would like to perform are painless 

and will take less than two hours.  The assessment will involve an ultrasound scan of arteries in 

your neck and arm and a blood test.   You will also be required to provide some information 

about your current medications and your medical history.  By participating in this project you 

will contribute to our understanding of the way that vitamins affect the structure and the 

function of blood vessels in people who have had a stroke.   More detailed information about the 

study can be found in the information sheet included with this letter. 

 

The researchers and I would be very grateful if you could help by participating in this project.  

Any information that you give will be kept confidential and will be used only in statistical 

reports, in which you will not be identifiable.   Your participation is voluntary and will in no 

way compromise or influence your medical treatment or your involvement in the VITATOPS 

trial. 

 

Please indicate whether or not you are interested in being included in this study by completing 

the attached slip and returning it in the enclosed reply-paid envelope.  If you agree to 

participate, Dr Kathleen Potter will contact you to provide more information regarding the 

study. 

 

 

Thank you for considering this request. 

 

 

Kind regards, 

 

 

 

Professor Graeme Hankey 

Consultant Neurologist and Head of Stroke Unit 

Royal Perth Hospital
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Appendix F Participant information sheet for VITATOPS sub-study 

 

Information for VITATOPS Subjects 

Vascular Structure and Function in Stroke Study 

 

Please read the following instructions and information about the tests you will be 

undergoing if you agree to participate in this project.  If you have any questions or 

concerns, you can contact Dr Kathleen Potter by telephoning 9224 3443 during office 

hours.  

 

 

What is the aim of the project? 
The aim of this project is to determine whether folic acid and B-vitamins can improve 

the structure and function of blood vessels in people who have had a stroke or TIA.    

 

 

Where do I go? 
The tests will be conducted in a research laboratory at Royal Perth Hospital.   You will 

need to organise to get to the hospital by private or public transport.  We can reimburse 

travel or parking costs.  

 

 

What do I need to do? 
There a few simple things that you will need to do to prepare for the tests.   

 

The evening before your appointment: 

 DO take any evening medication as usual. 

 

 DO NOT drink any alcohol or caffeine-containing beverages (tea, coffee, Coca-

Cola etc) for at least 12 hours before your appointment. 

 

 

The day of the appointment: 

 DO wear a short-sleeved shirt or blouse if possible. 

 DO bring a list of your current medications (including dose and time taken) or bring 

all your medications with you to the appointment 

 DO NOT take any morning medication, but DO bring it with you so you can take it 

straight after your appointment. 

 DO NOT take your VITATOPS medication. 

 DO NOT eat anything for at least six hours before your appointment. You can drink 

water but not tea or coffee.   

 DO NOT smoke for at least four hours before the appointment. 
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What do the tests involve? 
The tests will take approximately 2 hours and you will be lying down for most of this 

time. You will be asked to provide some information about your current medications 

and your medical history. Your height and weight will be measured and recorded. Your 

blood pressure will be taken several times during the tests, and your heart rate will be 

monitored continuously. 

 

 

Carotid Artery Ultrasound Scan: 

 An ultrasound scan will be taken of a blood vessel in both the left and right side of 

your neck (the carotid artery).  This is a painless procedure which will take about 15 

to 20 minutes. 

 

 

Brachial Artery Ultrasound Scan: 
 A blood pressure cuff will be placed around your lower arm and inflated to a high 

pressure.  The cuff will stay inflated for 5 minutes and then it will be deflated. You 

may feel some discomfort when the cuff is inflated and/or get a pins and needles 

sensation in your hand after the cuff is let down. 

 An ultrasound scan will be taken of a blood vessel in your upper arm (the brachial 

artery).  This is painless and will take about 20 to 30 minutes in total. 

 A small amount of medication (glyceryl trinitrate or GTN) will be sprayed under 

your tongue. This medication causes blood vessels to dilate for a very short period 

of time.  It may cause a headache in some people.  Your arm will be scanned again 

for a few minutes after the medication. 

 

 

Blood Test: 
 A blood sample will be taken from a vein in your arm and then you will be free to 

go. 

 

 

What are the risks to me? 
 There is no serious risk to you from any of the tests. 

 You may experience some discomfort when the blood pressure cuff is inflated and 

deflated but this will not last longer than a few minutes. 

 You may get a headache from the GTN spray and this can be treated with 

paracetamol if necessary. 

 There will be some discomfort at the site of the blood test (your inner elbow) and 

you may experience slight bruising which can last for a few days after the test. 
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What if something goes wrong? 
In the event that you suffer an adverse event or a medical accident during this study that 

arises from your participation in the study, you will be offered all full and necessary 

treatment by Royal Perth Hospital.  The Ethics Committee has approved this study on 

the basis (amongst others) that the reported risk of such an event is either small or 

acceptable in terms of the risk you face as a result of your current illness or the benefit 

that is possible with the new treatment being tested.  No provisions have been made in 

this trial to offer trial subjects who suffer an adverse reaction monetary compensation, 

but the absence of such a provision does not remove your rights to seek compensation 

under common law. 

 

If at any time you wish to withdraw from the study, you may do so without affecting 

any future care at RPH.  You will not be personally identified in any publications which 

may result from this study and any information obtained during the study will be treated 

as confidential.   This research project has been approved by the Ethics Committee at 

Royal Perth Hospital.  Further information may be obtained from the Chief Investigator 

(Dr Kathleen Potter, 9224 3443) or from Clinical Professor J A Millar, Chairman of the 

Ethics Committee, telephone (08) 9224 2244. 

 

 

Consenting to the Study 

If after reading this information sheet you are interested in participating in this study, 

you should now sign the consent form below.   If you have any questions about the 

study, please feel free to contact Dr Kathleen Potter on 9224 3443. 

 

Thank you for considering participating in this study. 

 

 

 

Consent to Participate in the Vascular Structure and Function in Stroke Study 

 

I, .....................................................................………… agree to participate in the above 

study.  I have read and understood the Study Information and I have been given a copy 

of it.  I have been given the opportunity to ask questions about the study.  I understand 

that I may withdraw from the study at any time without affecting my future medical 

treatment. 

 

 

Signed........................................................................................    

 

Date........................... 

 

 

Signature of Investigator.............................................................    

 

Date......................
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Appendix G Data sheet for VITATOPS sub-study 

 

Vascular Structure and Function in Stroke: 

Effects of Folic Acid and B-Vitamins 
 

Subject Details 

Last Name:  First Name:  

MRN:  Date of Birth:  

VITATOPS:    

 

 

Medications 

Medication Dose Frequency Last Taken 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Viagra/Cialis/Levita: Yes    No Time of last:  

Vitamin Supplements: Yes    No Type:  

Taking Study Medication: Yes    No Days/week:  

Placebo or Vitamins? Vitamins Placebo Unsure 
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Family History  

 MI CVA IHD CABG MI CVA IHD CABG 

Mother          

Father         

Brother          

Sister           

Son          

Daughter         

 

Medical History 

Stroke Yes     No     Unsure Year of first: 18/12/2002 

 

 TIA Yes     No     Unsure Year of first:  

Diabetes Yes     No     Unsure Year diagnosed:  

IDDM NIDDM   diet     oral NIDDM  (insulin) Impaired GT  

Hypertension: Yes     No     Unsure Ever treated: Yes      No     Unsure 

Currently treated: Yes     No     Unsure Year diagnosed:  

MI: Yes     No     Unsure Year of first:  

Angina: Yes     No     Unsure Year diagnosed:  

Angioplasty  Yes     No     Unsure  Year of first:  

CABG: Yes     No     Unsure Year of first:  

High Cholesterol: Yes     No     Unsure Ever treated: Yes     No     Unsure 

Currently treated: Yes     No     Unsure Year diagnosed:  

Ever smoked: Yes     No Current smoker: Yes     No 

Year started:  Year ceased:  

Number/day:  Passive smoker: Yes     No 

 

 Drinks alcohol: Yes         No Last week: Yes     No    Unsure 

Activity level: 1     2     3     4     5 Fruit: 0   <1   1   2   3   >4 

Vegetables: <1 1   2   3   4   5 >6 Pets: Yes      No 

Type/Number:  Household:  
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Notes: 
1. Alcohol:  If “Drinks alcohol” = Yes, and “Previous week” = Yes, then fill out 

seven day retrospective alcohol diary for Last Week and Average Week.   

If drinks alcohol, but not in last week, fill out Average Week only. 

 

2. Activity level:  1.  Minimal activity: does not do own housework or gardening and 

does not walk to shops etc. 

2. Minimal to moderate activity levels:  does own housework and/or 

gardening and occasionally walks to and from places. 

3. Moderate activity levels: does own housework and gardening, 

regularly walks to and from shops, occasionally walks or swims for 

exercise. 

4. Moderate to substantial activity levels: does own housework and 

gardening, regularly walks or swims for exercise, occasionally 

participates in more vigorous exercise such as tennis, cycling, jogging 

etc (less than three times per weeks) 

5. Substantial activity levels: regular participation in vigorous exercise 

(more than three times per week) 

 

3.  Oxford Score: 0.   No symptoms 

1. Minor symptoms which do not interfere with lifestyle 

2. Minor handicap, symptoms which lead to some restriction in 

lifestyle but do not interfere with capacity to care for self. 

3. Moderate handicap, symptoms that significantly restrict lifestyle 

and    prevent totally independent existence 

4. Severe handicap, symptoms which clearly prevent independent 

existence but not requiring constant attention. 

5. Total dependence, requiring constant attention day and night. 

 

4. Fruit/Vegetable 1.  How many pieces of fresh fruit do you usually eat per day? (Count 

½ a cup of diced fruit, berries or grapes as one piece) 

2. How many different vegetables do you usually eat per day? (count 

all types , fresh, frozen or tinned) 

 

 

 

 

Study Data 

Study Date:  Study Time:  

Last Ate:  Last Caffeine:  

Last Cigarette:  Last Alcohol:  

Oxford Score: 0   1    2    3    4    5 Weakness:  

Dominant Hand: Left    Right    Both Gender: Male     Female 

PET Study Information Sheet Given: Yes                 No                Not eligible 
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Study Data 

Tape Number:  Tape Start:  

Tape Finish:  Rating:  

Height:  Weight:  

Waist:  Hip:  

Temperature:  Humidity:  

FMD Arm:   Left          Right BP Arm:   Left        Right 

Baseline BP       

Baseline HR:    

ECG rhythm:  

IMT 3:       Left                              Right                           Nil 

Carotid Plaque       Left                              Right                           Nil 

 

 

 

 

 

Ultrasound Protocol 

 Time Start Time Stop Blood Pressure 

IMT     

Baseline 1                 
(1 minute) 

    

Inflation Time  
Cuff is inflated for 5 minutes 

Start recording 15 seconds prior to cuff deflation, then 

for 2 minutes and 45 seconds after cuff deflation. 

Start recording  

Deflation Time  

FMD                            
(3 min) 

    

Rest Period  15 minutes from cuff deflation time 

Baseline 2 
(1 minute) 

    

GTN Time  

Record for 5 minutes, 3 minutes after GTN spray Start recording  

Stop recording  

GTN Scan        
(5 minutes) 
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Results 

Baseline 1:  FMD diameter:  Percent:  

Baseline 2:  GTN diameter:  Percent:  

FMD reliable:  Yes                             No                          Unsure 

Single frame IMT:  Single frame Lumen:  

Multi Frame IMT:  Multi-frame Lumen:  

Intima:  Media:  Intima/IMT:  

AI:  AP:  PWV:  

 

 

 
Notes: 
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Seven Day Retrospective Alcohol Diary 

First Name:  Last Name:  

Subject Number:  MRN:  

Date of Birth:  Date: 

 

Day   Last Week mls Average Week mls 

     

     

     

     

     

     

     

Total mls ETOH 

last week 

 Total mls ETOH 

average week 

 

 

 

Notes 
1. If last week is an average drinking week, use total mls of ETOH for last week in database.   If 

last week is not an average drinking week, use total mls of ETOH in average week in database. 

2. Use maximum mls ETOH in last week for maximum drinks per week, whether an average 

drinking week or not. 
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Appendix H Participant information sheet for 18FDG PET study 

 

 

PATIENT INFORMATION SHEET 

PET Scanning to Assess Blood Vessel Wall Inflammation 
 

You are invited to participate in a research project which aims to determine whether a new 

nuclear medicine test can be used to measure inflammation in the walls of blood vessels that 

may lead to stroke or heart attack. Before you decide whether or not to participate it is 

important for you to understand why the research is being done and what it will involve. 

Please take time to read the following information carefully. Ask us if there is anything that is 

not clear or if you would like more information.  

 

What is the purpose of the study? Atherosclerosis is a disease involving the walls of blood 

vessels and is an important cause of stroke and heart attack. This disease can be found in the 

blood vessels of many people but only some develop stroke or heart attack. It is believed 

patients most prone to having strokes or heart attacks are those that have inflammation at the 

site of atherosclerosis which leads to swelling, clot formation, and blockage of the blood 

vessel. In this study we are evaluating a new test to measure inflammation in blood vessels 

using radioactively labelled sugar (glucose) and a special camera called a positron emission 

tomograph (PET). 

 

Why I have I been chosen? You have been chosen because you have experienced a previous 

stroke or transient ischaemic attack and may have inflamed atherosclerosis involving the 

walls of your blood vessels. 

 

Do I have to take part? Your participation in the trial is entirely voluntary. It is up to you to 

decide whether or not to take part. If you do decide to take part you will be given this 

information sheet to keep and be asked to sign a consent form. If you decide to take part you 

are still free to withdraw at any time and without giving a reason. This will not affect the 

standard of care you receive. 

 

What will happen to me if I take part? If you agree to take part you will need to attend Sir 

Charles Gairdner Hospital to undergo the study. This is the location of Western Australia‟s 

only PET scanner. You will need to fast from midnight prior to the study which will be 

performed the following morning. If you are diabetic your medication regimen will be 

discussed with you personally. The PET scan involves an injection of labelled glucose (sugar) 

and a scan 1 hour later. The labelled glucose is radio-active but has no known side effects and 

has been used in thousands of patients and volunteers around the world for over 20 years. The 

radioactivity lasts for a very short time and is virtually all gone within a few hours of the 

injection. The whole procedure will take 2 to 3 hours.  

 

What are the possible disadvantages and risks of taking part? There is the inconvenience 

of attending Sir Charles Gairdner Hospital, having an injection, and the exposure to a small 

amount of radiation from the PET scan.  

 

The injection with radio-labelled glucose may cause localised pain, bruising, and rarely 

faintness or infection. The dose of radiation is very small and it is extremely unlikely that this 

exposure will be of any consequence to your current or future health. Radiation exposure is 

measured in milliSieverts (mSv). Recommendations by the Australian Radiation Protection 

and Nuclear Safety Agency include a dose limit of 5 mSv in any one year. Five mSv is 

equivalent to approximately 2 years of natural background radiation exposure. All people on 

Earth are exposed to background radiation.  Background radiation comes from the Sun, the 
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Earth, and the air. You will receive a total radiation dose of about 4 mSv from the PET scan. 

The ill effects of very high doses of radiation have been well documented, for example, 

increased life threatening cancer rates and sometimes death have been reported in populations 

exposed to nuclear explosions or in patients undergoing radiotherapy treatment. To date the 

risk, if any, of radiation exposure during a PET scan has not been accurately determined. 

However, the small dose of radiation being used in our study is well within the allowable 

limits and the particular radiotracer that we are using has never had a definite documented 

side-effect attributed to it in over half a million administrations world-wide. 

 

You should not participate in this study if you are pregnant or breast-feeding a child.  

Although the radioactivity does not pass directly into the breast milk, having a baby close to 

the chest will deliver an unnecessary radiation dose to the child.  In addition, radiation 

procedures given to a pregnant woman will cause radiation exposure to the developing baby.   

 

What are the possible benefits of taking part? It is unlikely that that you, as an individual, 

will derive any benefit from participating in this study. However, the information obtained in 

the study may improve our understanding of why certain people are predisposed to stroke or 

heart attack and thereby lead to more successful treatments in the future. 

 

What if something goes wrong? In the event that you suffer an adverse event or a medical 

accident during this study that arises from your participation in the study, you will be offered 

all full and necessary treatment by Royal Perth Hospital.  The Ethics Committee has approved 

this study on the basis (amongst others) that the reported risk of such an event is either small 

or acceptable in terms of the risk you face as a result of your current illness or the benefit that 

is possible with the new treatment being tested.  No provisions have been made in this trial to 

offer trial subjects who suffer an adverse reaction monetary compensation, but the absence of 

such a provision does not remove your rights to seek compensation under common law. 

 

Will my taking part in this study be kept confidential? All information regarding your 

medical records will be treated as strictly confidential and will only be used for medical 

research purposes. Your medical records and questionnaire responses may be inspected by 

competent authorities and properly authorised persons, but if any information is released this 

will be done so in coded form so that confidentiality is strictly maintained. Information 

regarding the study will be stored on a secured computer database. Participation in this study 

will in no way affect your legal rights. Special arrangements are in place to ensure that your 

data is handled in strict confidence and in compliance with all privacy laws (in Australia, this 

is the Privacy Act 1988).  Your name will not appear on trial documents and only duly 

authorised persons will have access to your data.  Your name will not appear on any 

document or publication.  

 

 

Further information 

For questions relating to the ethical approval, contact the Chairman of the Ethics Committee 

Clin Prof A Millar, (telephone 08 9224 2461). During the trial you can phone Dr Nat Lenzo 

(Nuclear Physician) during normal business hours (tel no. 9224 2095) or after hours through 

the hospital switchboard (tel. No. 9224 2244) if other questions occur to you. 
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PATIENT CONSENT SHEET 

PET Scanning to Assess Blood Vessel Wall Inflammation 
 

 

 
           Please initial 

box 

 

1. I confirm that I have read and understood the information sheet dated 6/9/03  
(Version 1) for the above study and have had the opportunity to ask questions. 

 

 

 

2. I understand that my participation is voluntary and that I am free to withdraw  

at any time, without giving any reason, without my medical care or legal rights 

being affected.         

   

 

 

3. I understand that sections of any of my medical notes may be looked at by 

responsible individuals from regulatory authorities where it is relevant to my  

taking part in research.  I give permission for these individuals to have access  

to my records. 

 

4. I agree to take part in this study. 

 

 

 

 

 

 

Signed........................................................................................   Date........................... 

 

 

 

Signature of Investigator............................................................   Date........................... 

 


